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1.0 Introduction
1.1 Pilot Study Scope

Beazer contracted SWACO-Geolograph to perform pilot soil washing services at the
South Cavalcade Superfund site. As part of SWACO's contract, they performed bench tests
to characterize the soils to be treated and to identify preferred surfactants to be used in the
pilot tests. Dames & Moore observed these tests and also provided technical oversight of
the soil washing bench tests and pilot activities. SWACO provided laborers, technicians,
senior operators, and site engineering personnel as required to perform the pilot test.

Approximately 100 tons of soils were excavated at the site and processed by SWACO
on-site. Beazer hired operators and equipment to perform minor earthwork during the pilot
soil washing activities. This minor earthwork included moving untreated soils into the
SWACO process area and moving washed soils from the discharge areas of the process unit
to the soil staging areas.

Dames & Moore performed the sampling of the untreated soil prior to washing and
also sampled wash water and soils discharged from the process after washing.
Dames & Moore maintained all records associated with sampling and monitoring performed
during these operations. Sampling was performed in accordance with the previously
approved Pilot Soil Washing-Sampling and Analysis Plan (PSW-SAP).

SWACO performed all activities related to operating their process unit. These
activities included preparing daily operating logs, recording all pertinent process data, and
maintaining these records for use in preparing the SWACO Pilot Test Report. SWACO
also monitored conditions to ensure compliance with health and safety plans. SWACO's
Pilot Test Report is provided in Appendix A. Dames & Moore provided input related to
overall site conditions and the contractor was responsible for ensuring safe operations of the
process system.

During the course of the bench tests, the presence of paniculate pieces of pitch and
tar were observed in the soils. Preliminary bench tests of gravity separation processes were
performed by Hazen Research in Golden, Colorado. These preliminary tests were
successful hi removing the paniculate matter. Consequently, at the close of SWACO's field
pilot tests, portions of the treated soil were containerized and forwarded to Hazen Research
for further pilot testing of the gravity separation processes. The selection of which treated
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soils to send to Hazen was made jointly by SWACO's site supervisor and Dames & Moore.
Hazen performed gravity separation tests on the various washed fractions and their Pilot
Test Report is provided in Appendix B.

1.2 Pilot Study Organization and Execution
During the execution of pilot test activities at the South Cavalcade site there were

several service companies involved. The companies and their responsibilities are shown
briefly below and are described further in this Pilot Study Report.

Beazer East, Inc. Project Lead
Dames & Moore Site Preparation Engineer

Construction Oversight Engineer
Soil Washing Technical Consultant
Site Representative
Health and Safety Oversight
QA Officer

Sizemore Site Preparation Contractor
SWACO Geolograph Soil Washing Contractor
Trucking Properties Property Owner
Palletized Trucking Property Owner
Hazen Research Soil Washing Pilot Test Laboratory

From the list above it can be seen that Dames & Moore provided multiple services
during the course of the project. Briefly, the involvement of Dames & Moore in pilot soil
washing efforts has included solicitation and evaluation of pilot test bids, bench test
oversight and evaluation, site design, operations plan development, site construction
oversight, on-site pilot test oversight and evaluation, selection and oversight of off-site pilot
tests at Hazen, and evaluation, reporting, and interpretation of the pilot soil washing test
results.
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ooo
The tasks performed at the South Cavalcade Superfund site related to the soil

washing pilot tests included three phases of activity. These three phases include the tasks
shown below:

Site Construction
Clear the site, erect fencing, install utilities, and prepare site for pilot
operations;
Construct process equipment pads and soil staging pads;
Excavate and stockpile pilot test soils; and
Mobilize pilot soil washing equipment.

Pilot Operations
Perform on-site pilot soil washing tests.

Post Pilot Operations
Demobilize soil washing process equipment; and
Initiate off-site pilot soil washing tests.
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ooc-~
2.0 Pilot Study Objective o

The primary objective of the pilot soil washing study for the Beazer South Cavalcade
Superfund site is to provide the data necessary for the full-scale soil washing remedial
design. Specifically:

characterize the feed soils at the site;
determine the optimum flow scheme and process conditions for the soil
washing process; and
characterize residual streams generated by the soil washing process.

This study was performed in accordance with the EPA approved Pilot Study Design
Report (PSD, Dames & Moore, October, 1992), and those requirements set forth in the
EPA approved Remedial Design Work Plan (RDWP, Bechtel, March, 1992).
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3.0 On-Site Pilot Study Procedures
3.1 Pilot Study Site Construction

The pilot study site was constructed in the Spring of 1993. The test site was located
and configured as shown on Figures 1 and 2.1 The site was constructed by Sizemore under
contract to Beazer and managed by Dames & Moore. The key features of the test site
layout included:

one curbed concrete process pad;
two curbed concrete soil staging pads; and
one curbed concrete decontamination pad.

The traffic areas of the test site were prepared with 8" of crushed limestone to
provide a stable working area. Security fencing was installed at the perimeter of the site.

3.2 Test Soil Excavation
Dames & Moore selected and staked the excavation locations for test soils based on

Figures 3-1 and 3-2 and pertinent soil boring logs presented in the August 1992 Soil
Delineation Report by Keystone Environmental Resources, Incorporated.2 Sizemore
provided labor and equipment to excavate soils to use during the pilot test soil washing
operations. Dames & Moore provided oversight of these activities as well as the sampling
of the excavated soils.

Approximately 70 cubic yards were excavated from Area A shown on Figure 1
(approximately 15 ft by 20 ft by 6 ft deep). Approximately 30 yards were excavated from
Area B to a depth of 2 feet below ground surface. Dames & Moore coordinated with
Trucking Property, Inc. and Palletized Trucking representatives to ensure access to the
excavation areas. At all times, the contractor took precautions to minimize contact of the
surrounding properties with potentially impacted soil.

The floor of the excavation at Area A was not sampled since the excavation extended
to six feet below ground surface, the limit of the subsurface soil remediation specified by

1 See Response to EPA Comments, December 16,1993, Appendix G - Item TNRCC #6
2 See Response to EPA Comments, December 16,1993, Appendix G - Item TNRCC #1
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the Record of Decision (ROD). Because the depth specified in the ROD is attained in this
area, the excavation location was surveyed, documented, and backfilled with approved clean
borrow material. Therefore, this area will not be re-excavated during full scale remediation.
The shallow excavation at Area B was not sampled during pilot test operations. This small
excavation was backfilled with a coarse fill and will be re-excavated during full scale
operations. The re-excavated material will be washed in the soil washing unit and the
excavation tested at that time.

The dump truck loads of excavated soil were covered and the covering was secured
prior to transport to the soil storage pads within the fenced treatment area. Each dump
truck was decontaminated prior to leaving the fenced treatment area. The decontamination
procedures for the excavation and hauling equipment were performed on the concrete
decontamination pad within the fenced treatment area. The procedures included:

cleaning and scraping in the excavation area to remove caked soils from the
pertinent portions of the equipment prior to moving the equipment to the site
decontamination pad (As necessary, the excavation bucket was wrapped in
visqueen prior to transport to the decontamination area.);
pressure washing with water at the site decontamination pad and air drying;
and
collecting all rinseate and transferring it to an on-site frac tank for treatment
in the groundwater treatment plant.

3.3 Test Soil Characterization
Prior to wrapping the test soil piles in visqueen, they were sampled in accordance with

the Pilot Soil Washing SAP (Dames & Moore, January 1993). The samples were sent to
Chester LabNet to be sieved into three particle size fractions and each fraction was analyzed
for potentially carcinogenic polynuclear aromatic hydrocarbons (cPAHs). The weight
distribution of each particle size fraction was used to calculate the composite potentially
cPAH concentration of each of the test soil piles. Results are presented in Section 5.2.
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3.4 SoU Washing Pilot Tests
3.4.1 Site Operations

The site operations were executed jointly by the SWACO team and Dames & Moore.
The SWACO team handled the soil washing equipment and monitored health and safety
conditions. Dames & Moore, supported by the equipment operators, performed pile
management, soil loading, site housekeeping, and additional health and safety monitoring.3

3.4.2 Material Handling
Approximately one hundred cubic yards of excavated material were divided into ten

piles of ten cubic yards each, which were placed separately on two curbed concrete soil
staging pads. The piles were covered and segregated by visqueen. After treatment, each
washed soil batch was re-placed on the concrete staging pad. The batches were processed
separately and an attempt was made to maintain batch segregation throughout the test
period.

The soils were washed in batches of 10 to 15 tons each with selected process
parameters varied for each test. The test matrix is shown in Appendix A, Section 8.2. The
SWACO soil washing process is described briefly below and is illustrated in Figure 3. The
ten test soil piles were used to run seven soil washing tests as follows:4

Run A was performed on Piles 3 and 6;
Run B was performed on Pile 5;
Run C was performed on Pile 9;
Run D was performed on Pile 7;
Run E was performed on Pile 8;
Run F was performed on Piles 1 and 10; and
Run G was performed on Piles 2 and 4.

3.4.3 Description of the Soil Washing Process and Equipment Train
The SWACO soil washing process included the primary unit operations described

below. The process is depicted in Figure 3, and photographs of the operation are provided
in Appendix D. SWACO's equipment terminology is shown in parentheses.

3 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #13
4 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #4
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Equipment Description
Static bar screen
(Grizzly)
Pug mill with spray bars
(Hydrojet mill)
One inch vibratory screen with
spray bars
(Classifier)
Mix tank
(Attrition scrubber)

Batch slurry circulation tank
(Floatation cell/float chamber)

Slurry tank skimmer
(Vacuum skimmer)

10 mesh Vibratory Screens with
spray bars
(Scalping Shaker)
Hydrocyclone
(Desander)

175 mesh Vibratory Screen with
spray bars
(Super shaker)

Hydrocyclone and Vibratory
Screen with spray bars
(Mud screens)
Horizontal bowl centrifuges
(Centrifuges)

Process Function
Remove +8" debris from the test soil.

Break up soil agglomerations and
initiate soil/water slurry ing.
Remove rinsed -8",+1"material from
the soil.

Mix the soil and water into a slurry and
impart scrubbing action to the soil
particles.
Continue to mix the slurry with
circulation pumps for a specified time
while 600 CFM of air is introduced in a
fine bubble mist to help float
vegetative matter and particulates and
emulsified constituents of concern
(COC's).
Remove floated matter from the
surface of the batch slurry tank in a
quiescent area of the tank.
Removed washed -1 " , + 10 mesh
particles from the soil washing unit.

Remove excess water and fine particles
(-305 mesh) from the flow stream to
improve separation on the downstream
vibratory screens (added during test
progress).
Remove washed -10 mesh, +175 mesh
particles from the soil washing unit.
Screen sizes ranged from 150 mesh to
210 mesh.
Remove washed fine sands from the
flow stream. Screen sizes ranged from
175 to 210 mesh.
Remove washed silts and clays from
the flow stream. Solids discharged as a
stiff pancake batter consistency. Two
centrifuges operated in parallel.
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Flocculation system
(Floe box)

Inclined plate clarifier
(Clarifier)
Horizontal bowl centrifuges
(Dewatering centrifuges)

Wash water recirculation tank
(Surge tank)

Inject flocculant into the wash water to
cause the suspended fine particles to
agglomerate into a flox.
Settle the floe from the wash water.

Remove excess water from the settled
floe. Solids discharged as a cottage
cheese consistency.
Holding tank for the recycled wash
water.

3.4.4 Operational Difficulties
The pilot test operations went smoothly with minor difficulties as noted below. The

Proposed Full Scale Site Layout (Figure 4) and Proposed Process Flow Diagram (Figure 5)
reflect modifications to reduce the operational difficulties.5 The most pervasive problem
encountered was related to the tarry, adhesive nature of the soil.

Debris: Extensive debris was found in the soils to be tested, which passed through the
"grizzly"and tended to clog pumps. The debris included treated timbers, sticks, roots, tie
plates, oyster shells, barstock, spikes, and wire. The debris tended to plug the classifier
screen and the attrition scrubber pump, and settled on the bottom of the flotation cell,
blocking pump suction. The accumulation of solids in the flotation cell skimmer blocked
the skimmer suction. It was necessary to remove grass and roots from the bottom of the
clarifier frequently.

Screen Blinding: The tarry nature of the soil paniculate and its propensity to blind screens
was the most pervasive problem encountered. Screen blinding was problematic for the
scalping shaker, super shakers, and mud cleaner screens. High pressure washes were used
to clean the screens repeatedly.

5 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #7
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Wash Water: The wash water produced during the pilot testing was commingled with
stormwater and decontamination water and stored on-site in three 20,000 gallon frac tanks.
The surfactants added to enhance the soils washing process would tend to coat the
groundwater treatment system carbon adsorbers. Treatment for removal of surfactants will
be required before the soil wash water passes through these units. Excessive rainfall made
stormwater management time consuming and greatly contributed to the quantity of water
requiring treatment and discharge.

Pad Configuration: The use of the 20' wide x 100' long concrete soil pads was difficult
because of the tendency of the bobcat to push the soil out of the pad during loading. Due
to the tarry nature of the test soils, the soil staging pads had to be washed with high
pressure washers prior to placing washed soils back on the pads.

Traffic Pattern: Congestion due to equipment operation and pedestrian traffic caused
problems during the pilot operations. The washed soils should be conveyed to a point away
from the process area to relieve congestion and reduce equipment traffic where there is high
pedestrian traffic.

Security: Theft problems were encountered during the operations. Site security will be
increased to prevent equipment thefts.

3.5 Performance Sampling
The washed soil fractions smaller than T'were sampled in accordance with the PSW-

SAP. The 1" reject and 8" reject were not sampled due to the impracticality of analyzing
these larger particles.

Because of the batch mode of operation, variations in the discharged fractions were
observed over the course of each test run. As a rule, the samples were collected in the last
two hours of each test run. Further, because of the size of the SWACO equipment, it was
difficult to draw definitive lines between what was washed soil from the current test run, and
what was residual washed soil from the previous test run.
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t^ 1Lastly, the estimation of the volume of each washed soil fraction proved to be very §
difficult. Consequently, the accuracy of the calculated composite washed soil concentrations
has an estimated accuracy of ±25 percent. The washed soil potentially cPAH test results
are discussed hi Section 5.2 and are summarized in Table 2.6

3.6 Water Management
Collection of stormwater at the site became a time consuming task due to the

numerous storms that occurred during the pilot test period. The stormwater was pumped
into 20,000 gallon frac tanks where it was commingled with wash water. The commingled
stonnwater and wash water were subsequently recycled to the soil washing process. The
wash waters were treated by SWACO to remove fine solids as they were generated, before
being placed in the frac tanks for recycling. Decontamination waters were stored there
without being treated.

At the end of the test period SWACO treated all of the contents of the frac tanks to
remove fine solids. The commingled and treated waters are currently stored in three frac
tanks on-site. The estimated volume of stored water is 60,000 gallons. The water was
sampled and the results are presented in Table 3. It is anticipated that treatment in the
groundwater treatment plant for emulsified and dissolved organics, and possible further
solids reduction, will be required before disposal. Alternately, the pilot wash waters may
be sent off-site for treatment in an approved facility.

3.7 Health and Safety Procedures
SWACO performed health and safety monitoring and maintained logs for their

operations. Dames & Moore performed supplemental health and safety monitoring on
Beazer's behalf. The general tasks performed at the site included:

daily Health and Safety briefings with key site personnel;
dust monitoring and dust control;
VOC monitoring at the soil piles and on the process equipment; and

6 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #1
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OOr-osperimeter monitoring. §

In addition to the routine events, the following special circumstances arose and were
handled in accordance with the Health and Safety Plan:

Respirators were donned during soil loading operations on one occasion when
VOC levels at the soil pile exceeded action levels.
Respirators were donned on several occasions by operators in the vicinity of
the attrition scrubber tank. The elevated VOC readings were a result of the
alcohol-based defoamer used by SWACO.
A confined space entry was made into the slurry tank to remove settled solids.
Oxygen levels were monitored, safety harnesses were worn and a safety watch
was maintained. Workers were relieved every 15 minutes to avoid heat stress.
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4.0 Off-Site Pilot Studies
Beazer and Dames & Moore determined during bench testing that additional process

treatment options would be investigated upon completion of the SWACO soil washing pilot
test. Investigation into the process options for separating the paniculate matter revealed
several gravity separation techniques used in the mining industry (i.e., separation by
differences in specific gravity of the soil particles and the paniculate COCs. Could enhance
the soil washing performance. Hazen Research, Inc. was contracted to perform bench scale
and pilot scale tests on washed soil samples from SWACO runs E, F and G to evaluate
methods of gravity separation.7 The separation methods/devices evaluated were heavy
medium separation, spiral concentrator, ellutriation column, and froth floatation. Wash soil
fractions from roughly -8"to +325 mesh were evaluated in Hazen's tests. The evaluation
and selection of the preferred process was based on the following four criteria:

ability to reduce potentially cPAH concentrations;
weight of clean soil produced versus weight of waste streams generated;
process complexity; and
water consumption of the selected process.

Samples of the -8", +1" SWACO discards for runs E, F, and G were received by
Hazen and prepared for heavy medium separation tests by placing them in a rotary scrubber
to further remove finer sands and clays from the larger particles. Samples of the scrubbed
material were placed in separation tanks containing fluids of varying specific gravities (2.0
and 2.2). The fluid is a suspension of water and finely ground magnetite adjusted to the
desired specific gravity. The paniculate pitch and organic matter floats to the surface and
the soils, sands, gravels, and shells remain on the bottom of the separation tank.

Spiral concentrator tests were performed on the washed sand fractions from SWACO
runs E, F, and G. A spiral concentrator is typically a 6" to 8" diameter trough that spirals
from 10 ft. high down to floor level in a 2 to 4 ft. diameter spiral. The water and soil slurry
is pumped to the top of the spiral and as it flows to the bottom, the lighter COC's move to

7 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #1 and TNRCC #4
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the outside of the trough and the sands stay to the inside (similar to stream bed gradations
at a bend). Diverter blades divert the segregated streams to separate locations at the base
of the spiral.

Ellutriation columns are similar to a fluidized bed column. Slurried sands and water
were placed in the column and an upflow of water is introduced at the bottom of the
column. The upflow carries lighter particles to a spillover weir at the top of the column and
sands are drawn off the bottom of the column.

Froth floatation is a dual function operation tested on the washed sands and fines.
Agitation is imparted to the slurry in a floatation cell by an agitator while a fine air bubble
mist is simultaneously dispersed into the slurry. The lighter particles attach to the fine
bubbles and float to the surface where they are skimmed off as froth. The sands and fines
remain in the suspended slurry and are drawn from the floatation cell.
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5.0 Test Results
5.1 Physical Soil Characterization
5.1.1 Particle Size Distribution

Particle-size distribution curves for washed soils were prepared by calculating the dry
weight fraction of each process stream discarded from the SWACO washing operation. The
tarry nature of the untreated test soils also made sieving the material difficult. The soil had
a tendency to agglomerate, which skewed the results to indicate less fine material than
actually present.8 The particle size distribution of the pre-washed soils are compared with
the wash soil distributions in Figures 8,9 and 10 for each of the seven test runs (A through
G).

Figure 8 shows the percent weight of particles larger than 10 mesh. For the washed
soils these were the scalper screen discards (SD). The washed +10 mesh soils contained
surprisingly high fractions of coarse solids (primarily oyster shells and gravel), and were
obviously fill type materials. Figure 9 shows the weight percent of particles between 10
mesh and roughly 200 mesh, which were the combined quantity of super shaker discards
(SSD) and mud cleaner discards (MCD) for washed soils. Figure 10 shows the percent
weight of particles smaller than roughly 200 mesh. For the washed soils these were the
combined dewatering centrifuge (DWC), Cl and C2 centrifuge discharges.

5.1.2 Density and Moisture of Washed Soils
The washed sand fraction of the test soil was subjected to density tests as specified

in the amended PSW-SAP (Dames & Moore, January 1993). The detailed results of these
tests are presented in Hazen's Pilot Test Report (Appendix B). The average bulk density
for the samples tested was 98.7pounds per cubic foot (lb./ft.3) wet and 82.81b./ft.3 dry. The
weight percent water averaged 15.3 percent for these same samples.

8 See Response to EPA Comments. December 16,1993, Appendix G - Item EPA IK
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5.2 Chemical Soil Characterization
5.2.1 Pre-Washed Soil

The feed soil samples were sieved and analyzed as described in Section 3.3. The
potentially cPAH levels determined by this method are presented in Table I .9 10 The pre-
washed soil concentrations reported are lower than the reported concentrations of many of
the washed soil fractions.11 The primary reason for the seemingly low potentially cPAH
values reported for the pre-washed soils is believed to be prejudicial handling of the samples
in the lab. The lab technician handling the pilot test samples may have tested what
physically appeared to be soil particles and excluded the particulate contaminants from the
extraction sample. This is believed to have occurred because the size of some particulates
would have prohibited them from being placed in the extraction container without being
sub-divided.

Secondarily, there may have been poor dissolution of the constituents of concern in
the prewashed soils during the lab extraction due to the adhesive nature of the soil. The
dark stained pre-washed soils contain enough adhesive-type material to bind them into tight
agglomerations. These agglomerations may have inhibited dissolution of the COC'sinto the
extractant, thus giving false, low test results.

Consequently, the feed soil starting concentrations of Table 1 are not useful for
determining the removal efficiency of the SWACO soil washing process. However, the
achievable potentially cPAH levels in the washed soil can be determined with confidence.
The achievable potentially cPAH levels are repeatedly confirmed by the analytical results
of the Hazen separation tests described in this study.

The physical properties of the washed soil fractions generated by SWACO were much
improved over the pre-washed soils. In contrast to the pre-washed soils, the washed soils
had the appearance of friable, unstained soil, and were well graded and homogeneous.
Consequently, the laboratory sample preparation for the washed samples was not prone to
the prejudicial handling that may have occurred with the pre-washed samples.

9 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #3
10 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #10
11 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #6a.
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5.2.2 Washed Soil
After discharge from the SWACO process, the various washed soil fractions from

each test run were analyzed for potentially cPAHs.12 This included the scalper discharge
(minus 1 inch, plus 10 mesh), the super shaker and mud cleaner discharges (roughly minus
10 mesh, plus 150 mesh), centrifuge discharges Cl and C2 (roughly minus 150 mesh, plus
325 mesh); and dewatering centrifuge discharge (roughly minus 325 mesh). The potentially
cPAH values for each of these streams are shown on Table 2. The analytical data from the
pilot testing demonstrates that many of the washed soils meet ROD goals when the
weighted composite concentration is calculated.13

The seven SWACO test runs produced mixed results in relation to the ROD goal of
700 ppm potentially cPAH, as shown in Table 2. Observations which can be made from that
table are as follows:

gravels (-1 inch, +10 mesh) - one run under 700 ppm, five runs over 700 ppm,
and one run not sampled;
sands (roughly -10 mesh, plus 150 mesh) - four runs under 700 ppm, two runs
over 700 ppm, and one part of one run not sampled (this is based on both the
SSD and MCD samples being either under or over 700 ppm); and
fines (roughly -150 mesh) - two runs under 700 ppm, four runs over 700 ppm,
and one run not sampled.

5.3 Wash Water
5.3.1 Characterization

The wash waters were sampled five times during the pilot tests. The samples were
analyzed for potentially cPAHs, BTEX, pH, total .suspended solids (TSS), total dissolved
solids (TDS), chemical oxygen demand (COD) and total organic carbon (TOC). The results
of the analyses are presented in Table 3. The wash waters are currently being tested for
surfactant levels and surfactant removal treatability tests by Chester Environmental. Results
of these tests will be presented when available.

12 See Response to EPA Comments, December 16,1993, Appendix G - Item TNRCC #2 and EPA #10
13 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #6b.
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The water currently stored in the frac tanks on-site cannot be considered fully
representative of the wash water which will be produced by the full scale soil washing
process. The stored water is commingled batches of stormwater, wash water and
decontamination water. An attempt will be made during full scale operation to prevent
storm water from coming in contact with the process or from entering the process
containment pads. Further the full scale process will vary somewhat from the pilot test
process as described in Section 6.3.

5.3.2 Surfactant Performance
Two surfactants, Dowfax 8390 and Triton X-100, were tested in various concentrations

and at various wash water pH's. The details of the test and the test matrix are provided by
SWACO in Sections 7. land 8.2 of Appendix A. The pilot tests indicate that the Triton X-
100 exhibited excessive foaming problems and performed no better than the Dowfax 8390.
The Dowfax 8390 provided acceptable performance at concentrations of 0.5 to 1.0 weight
percent of the wash water at a ph of 11 to 12.

5.4 SWACO Soil Washing Equipment Performance
The SWACO equipment encountered numerous solids handling difficulties. These

difficulties and others are discussed in detail in SWACO's Pilot Test Report (Appendix A)
and include:

slow feed rate capability of the grizzly;
high water usage and poor dispersion in the pug mill;
insufficient particle abrasion in the attrition scrubber;
coarse solids settling in the attrition scrubber and slurry tank;
low percent solids in the slurry tank;
excessive foaming if defoamer is not used;
numerous pump and line plugging problems; and
low screen efficiencies due to blinding of the screens with tar.
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These difficulties necessitate significant departure from the pilot test unit for full scale
application. SWACO's recommended modifications to their equipment are discussed in
detail in Section 13 of the SWACO report (Appendix A). The recommended full scale
process, based on the SWACO and Hazen results, is discussed in Section 6.3.

5.5 Hazen Equipment Performance
Of the Hazen test runs which were performed during the evaluation of separation

methods (see Hazen Appendices C, D, E and F), ten produced clean (i.e. less than 700
ppm) sands, ten produced clean fines, two produced clean gravel, and one produced clean
rocks.14 The Hazen tests indicated effective performance of froth floatation, heavy media
separation and spiral concentrators. Ellutriation column testing did not indicate effective
separation of the paniculate COCs from the soil.

Of the gravity separation processes tested by Hazen, froth floatation afforded the best
removal of COC's, consumed a relatively low volume of wash water, and produced the
maximum quantity of clean soil. The integration of froth floatation into the overall soil
washing process is presented in Figure 5 and discussed in Section 6.3.

These and other process specific parameters are summarized for the various gravity
separation processes inHazen's Test Report (Appendix B). The results ofHazen's tests are
of such a nature that the test results cannot be summarized in a single table without
reference to the Hazen text.

5.6 Lab Data Correlations
Approximately 165 soil samples and 8 water samples were analyzed as part of the

pilot soil washing tests. The total PAH levels of the pilot test samples were compared to
the total potentially cPAH levels. The results are presented in Tables 5 and 6, and Figures
6 and 7. No specific correlation was found; however, a ratio of about 10 to 1 total PAH to
totally potential cPAHs was observed for the washed soils and a 3 to 1 ratio was observed
for the pre-washed soils. This correlation was investigated because it may assist in the use
of field test kits in the full scale RA.

14 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #1 and TNRCC #4
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6.0 Conclusions and Recommendations
6.1 Summary of Pilot Test Performance

Approximately 78 cubic yards of soil were washed in seven on-site pilot soil washing
runs. The potentially cPAH concentrations of the test soils prior to treatment, as shown in
Table 1, varied from 22.30ppm to 1271.51ppm. The accuracy of this data is discussed in
Section 5.2 . 1 . The washed soils discharged from the SWACO process had potentially cPAH
levels of 117 ppm to 6882 ppm as shown in Table 2.

The data which most clearly indicates the reduction of potentially cPAH in soils at
the site is the Hazen froth floatation separation tests.15 For inlet feed concentrations of
1,420 ppm and 256 ppm, clean soils ranging from non-detectable to 324 ppm were produced.

6.2 The Basis of the Conceptual Design
The results of the SWACO pilot tests and Hazen bench scale and pilot tests were

used to develop a conceptual design for the full scale soil washing process. The conceptual
design is founded on the premise that the goal of the ROD can be met with a soil washing
process as described in this report.16 The predicted success of the soil washing process is
based on the test soils being representative of the remaining soils at the site.

The proposed full scale soil washing process will include scrubbing and particle size
separation operations (such as those performed by SWACO during the pilot tests on site),
combined with gravity separation steps (such as those tested by Hazen). The proposed full
scale flow diagram is based on the following assumptions:

The soils to be treated will be similar in particle size distribution to those
processed during the pilot test.
The soils to be treated will contain a similarly high quantity of paniculate tar
and pitch as was identified in the pilot test soils.

15 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #1
16 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #12
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6.3 Proposed Soil Washing Equipment Train
The proposed full scale soil washing process is illustrated in Figure 5 and discussed

below.17

Grizzlv: The excavated soil will be fed into the soil washing process through a 6-inch static
dry screen also known as a "grizzly". The grizzly will remove plus 6-inch material. The
grizzly rejects will be stockpiled.

Two-Stage Rotary Drv Screen: The material passing the grizzly will move to the two-stage
rotary dry screen. This screen will discharge a plus 2-1/2 inch material, a minus 2-1/2 inch,
plus 1/2 inch material, and a minus 1/2 inch material. Plus 1/2 inch material is rejected
and minus 1/2 inch material passes to the wet rotary scrubber. The plus 2-1/2 inch rejects
will be stockpiled. The plus 1/2 inch rejects will be stored separately.

Wet Rotary Scrubber: The minus 1/2 inch material will be discharged to a wet rotary
scrubber with a 10 mesh trommel. The oversize materials passing through the trommel
(minus 1/2 inch, plus 10 mesh) will be free draining. They will be stockpiled in a manner
that permits them to drain. The minus 10 mesh material passing the trommel will be in the
form of a water and soil slurry. It will be discharged to an 80 mesh vibratory screen.

80 Mesh Vibratory Screen: The minus 10 mesh underflow material from the wet rotary
scrubber will fall onto an 80 mesh wet vibratory screen. The -10 mesh, +80 mesh screened
material will be stockpiled and allowed to drain. After draining, these clean sands will be
mixed with the dewatered sands and fines from the mechanical floatation cell, and a soil
amendment in a pug mill, and then returned to the excavation. The material that passes
through the screen will be discharged to the mechanical floatation cell.

Mechanical Flotation Cell: The -80 mesh underflow material from the 80 mesh vibratory
screen composed of soil, weathered creosote, pitch and tar, and undersized debris will enter

17 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #8
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the floatation cell. Approximately 43 wt% of the feed soil will enter the floatation cell.
Water will be added to the mixture to operate the process at a 35 wt% solids slurry. In the
floatation cell, micro-fine bubbles of air are introduced at the bottom of compartment,
where they will attach to the lighter paniculate, causing it to float to the surface as a froth.
The washed soil discharges from the mechanical flotation cell as a slurry to a 200 mesh
vibratory screen for dewatering.

Approximately 6 wt% of the feed soil will be skimmed off as froth at an estimated
25 wt% solids slurry. Two 500-gallon cone bottom tanks, each providing a retention time
of approximately 60 minutes, will receive the froth discharge. After the addition of a foam
breaker and flocculant, one tank will be used to settle the solids while the other tank fills.
The tank bottom solid slurry, expected to contain the majority of the froth solids in a 50
wt% solids slurry, will be discharged into 55-gallon drums for reuse, or further treatment or
disposal off-site at an approved TSD facility.18 The treated water will be either recycled
back to the process or will be blown down to the groundwater treatment plant.

200 Mesh Vibratory Screen: The material from the bottom of the floatation chamber will
drop onto a 200 mesh vibratory screen. The minus 200 mesh undersize material, which will
contain a significant portion of the process water, will be dewatered using horizontal bowl
centrifuges. The water removed will be recycled to the soil washing process.

Pug Mill: In the pug mill, the -80, +200 fine sands from the floatation cell, the minus 200
mesh fines from the dewatering centrifuges, coarse sands (minus 10, plus 80 mesh) from the
vibratory screen, and a clean sand soil amendment will be mixed and blended, before being
returned to the excavation as clean fill.

6.4 Anticipated Full Scale Plant Performance
The revised process is predicted to wash soils with initial potentially. cPAH

concentrations of 1500 ppm or less to levels below the 700 ppm total potentially cPAH
criteria. Process performance for soil in excess of 1500 ppm CPAH, will be monitored hi

18 See Response to EPA Comments, December 16,1993, Appendix G - Item EPA #9
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the field. Based on concentrations of COC's identified during the Remedial Investigation,
it is probable that hot spots above 1500 ppm potentially cPAH will be homogenized to
below 1500 ppm during the excavation and pre-screening/feed preparation operations.
Based on the physical characteristics of the test soils, the washed soil will represent
approximately 67 weight percent of the soil excavated.

6.5 Backfill Requirements
The full scale process will require that the washed soils (minus 10 mesh) be amended

to restore the soil to its original volume and to provide a geotechnically sound fill material
for backfill into the excavations.

Approximately 27 weight percent of the feedstock is soil particles larger than 10 mesh.
It is proposed that the minus 2-1/2 inch, plus 10 mesh materials, separated from the
feedstock, comprising approximately 17 wt% of the feed, be used as asphalt aggregate as
described in Section 6.10. Further, the froth discharged from mechanical flotation will
contain approximately 6 weight percent of the feedstock and will not be recombined with
the washed soils. The removal of this combined 33 weight percent (aggregate plus froth
solids) of the impacted soil feedstock will require an equal amount of soil amendment to
return an adequate volume of fill to the excavation. Therefore, 33 weight percent of the
feedstock will be replaced with clean borrow sand as a soil amendment.

The soil amendment, when combined with the washed soils, must provide a stable fill.
The in-situ water content of the excavated soils was estimated to be in the range of 20 to
25 weight percent and stable prior to removal. The target water content for the washed soil
fill should be in the range of 20 to 25 weight percent to provide similar stability.

Clean sand will be used as the soil amendment. A clean well-graded sand has an
optimum moisture content of 9 to 16 weight percent. Several soil material suppliers in the
Houston area have indicated an average delivered moisture content, weather dependent, will
range from 8 to 14 weight percent. During periods of ram and high humidity, no guarantee
of moisture content on delivered amendment is normally offered. A normal delivered
amendment moisture content of 14 weight percent will be assumed.

Washed soil from the 80 mesh vibratory screen (minus 10 mesh, plus 80 mesh),
dewatered floatation tailings (minus 200 mesh) and screened flotation tailings (minus 80
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mesh, plus 200 mesh) will be combined with the soil amendment in the pug mill. The mixed
soil will be segregated in approximately 50-ton piles and marshalled in a constructed staging
area. Free draining liquids will be collected and pumped to the on-site groundwater
treatment facility. The concrete pad will serve to further dewater the mixed soils prior to
return to excavation.

Material balance calculations for the averaged soils tested indicate that the combined
materials should achieve a water content of 25 weight percent. Fly ash or similar material
will be added in the staging area, as required, to obtain desired compaction properties.

6.6 Wash Water Pretreatment
Wash water will be discharged from the process at several points. Water from the

centrifuge will be commingled with water separated from the froth. Free draining water
from the washed soil staging area will also be routed to the wash water storage area. These
waters will likely require further treatment to remove fine suspended solids. Dissolved
organics are not expected to be a problem due to the low solubility of the COC's in water.
A blowdown of 10% of the wash water recirculation rate (approximately 10 to 20 gpm of
blowdown) is suggested to prevent buildup of surfactant and solids in the wash water.

At the end of soil washing operations, the wash water will be discharged to the
ground water treatment plant for final treatment.

6.7 Site Configuration
The site configuration used for the pilot soil washing tests is illustrated in Figures 1

and 2. The configuration was effective but several improvements and revisions will be
required for full scale operations. A modified conceptual full scale site layout is provided
in Figure 4. This layout will be finalized when the RA contractor is selected.

6.8 Sampling and Analysis Procedures
Improved and simplified sampling and analysis procedures will be developed for full

scale operations. Several key features will be incorporated as noted below.
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OSFeed soils will be screened by visual means noting clay content, moisture o
content, and presence of tar and pitch.
Washed soils will be tested using an on-site lab or other approved field test kit
methods to expedite returning clean soils to the excavation.

6.9 Waste Streams •
As currently planned, the soil remediation will generate minimal process residual

streams for off-site disposal. Wash water will be recycled, except for a small amount of
blowdown, which will be discharged to the on-site groundwater treatment plant. The froth
solids slurry described in Section 6.3 will be reused or disposed of at a TSD facility. The
remediation will generate personnel protection equipment (PPE) wastes, sampling wastes,
and miscellaneous solid wastes such as oversize debris, visqueen, etc. This material will be
managed onsite and disposed of at a TSD facility.

Coarse aggregate and aggregate will be recycled into a beneficial use product made
and used on-site. The process will discharge two aggregate fractions (minus 2-1/2 inch, plus
1/2 inch and minus 1/2 inch, plus 10 mesh) that will be recycled hi an on-site asphalt batch
plant. The aggregate is intermixed with paniculate tars and pitch and is suitable for asphalt
mixes. The proposed disposition of these materials is discussed further in Section 6.10.

Management of debris larger than 2-1/2 inches will be addressed in the RA planning
phase of the project. Based on the visual characterization of this large debris during the
pilot tests, it is probable that high pressure hydroblasting of the material is the appropriate
treatment method. The material would then be managed as specified in the approved RA
Work Plan.19

6.10 Recycle of Beneficial Use Constituents
The test soil contained approximately 17 weight percent aggregate larger than 10

mesh and smaller than 2-1/2 inch. Approximately 50 to 60 weight percent of this aggregate
is tar- and pitch-like material. In addition, a quantity of the aggregate present in the soils
is covered with a hard coating of the tar material.

19 See Response to EPA Comments, December 16,1993, Appendix G - Item TNRCC #5
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o00
The aggregate is ideally suited for use in an asphalt mix.20 The basis for this

conclusion is review of Asphalt Institute literature and ASTM specifications for asphalt
mixes and discussions with asphalt recycle contractors. These rock fractions will be made
into a cold-mixed asphalt pavement which will be used to pave a portion of the site. This
asphalt produced on-site will be used to pave the backfilled excavations areas to allow trucks
to be parked in the remediated areas. The proposed recycled aggregate will produce
approximately 48,000 square foot of 6-inch thick asphalt suitable for paving purposes. The
recycle of aggregate into asphalt is discussed in detail in Appendix C.

20 See Response to EPA Comments. December 16.1993, Appendix G - Item EPA #2 and EPA #12
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Beazer EastSouth Cavalcade Superfund Site
Table 1

Pre- Washed SoilPot. cPAHs
SAMPLE

DESCRIPTION
PILE 1 GRAVEL

TOTAL Pot cPAW(ppm)
W/REPORTED VALUES

WEIGHT (2)

SC-PW-1(+10)
SC-PW-1(-10+200) PILE 1 SAND
SC-PW-K-200) PILE 1 FINES
COMPOSITE CONC. (3

SC-PW-2(+10) PILE 2 GRAVEL
SC-PW-2(-10-200) PILE 2 SAND
SC-PW-2(200) PILE 2 FINES
COMPOSITE CONC.(3)

SC-PW-3(+10)
SC-PW-3(10+200) PILE 3 SAND
SC-PW-3(-200
COMPOSITE CONC.Q)

SC-PW-4(+10)

PILE 3 FINES

PILE 4 GRAVEL
SC-PW-4(-10+200) PILE 4 SAND
SC-PW-4(-200) PILE 4 FINES
COMPOSITE CONC.O)

SC-PW-5(+10) PILE 5 GRAVEL
PILE 5 SANDSC-PW-5(-10+200)

SC-PW-5(-200 PILE 5 FINES
COMPOSITE CONC.(3)

PILE 6 GRAVELSC-PW-6(+10
SC-PW-6(-10+200) PILE 6 SAND
SC-PW-6(-200) PILE 6 FINES

COMPOSITE CONC.fS)
SC-PW-7(+10) PILE 7 GRAVEL
SC-PW-7(-10+200) PILE 7 SAND
SC-PW-7(-200) PILE 7 FINES
COMPOSITE CONC.O

SC-PW-8(+10J PILE 8 GRAVEL
SC-PW-8(-10+200) PILE 8 SAND
SC-PW-8(-200 PILE 8 FINES
COMPOSITE CONC.O

SC-PW-9(+10) PILE 9 GRAVEL
SC-PW-9(-10+200) PILE 9 SAND
SC-PW-9(-200) PILE 9 FINES
COMPOSITE CONC.fS

SC-PW-10(+10) PILE 10 GRAVEL
PILE 10 SANDSC-PW-10(-10+200)
PILE 10 FINESSC-PW-10(-200

COMPOSITE CONC.fS)
Notes:
(1) Assumed ND = 0 and BQL = Reported Concentration.
(2) As provided by Chester Labs, excludes particles larger than 1" nominal diameter.
(3) Composite concentration as calculated from particle size distribution. b:BZHTBL8.VW<aVB«nr
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Table 2
Washed Soil
Pot. cPAHs

COMPOSITE CONC. (5,6)
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SC-W-8(6" Reject)E
SC-W-8(r RejecpE
SC-W-8(SD)E
SC-W-8(SSD)E
SC-W-8(MCD)E
SC-W-8(C1/C2)E
SC-W-8(DWC)E
COMPOSITE CONC. (7)
SC-W-1-KK6" Reject)F
SC-W-1-lOd" Reject)F
SC-W-1-10(SD)F
SC-W-1-10(SSD)F
SC-W-I-10(MCP)F
SC-W-1-10(C1/C2)F
SC-W1-10(DWC)F
COMPOSITE CONC.
SC-W-2-4<6" RejecOG
SC-W-2-4(l" Reject)G
SC-W-2-4(SD)G
SC-W-2-4(SSD)G
SC-W-2-4(MCD)G
SC-W-2-4(Cl/C2)G
SC-W-2-4(DWC)G
COMPOSITE CONC.

NS
NS

NS

NS
NS

NS
NS

117
857

1420

496

904
308
607
571

2253
671

6882
1556
1289
227

1484
3202

10.8%
46.2%
28.0%
8.6%
6.4%

100.0%

8.7%
33.3%
33.3%
16.0%
8.7%

100.0%

36.3%
27.4%
13.2%
18.7%
4.4%

100.0%

<N<NooONOO

Notes:
(1) Assumed ND = 0 and BQL = Reported Concentration
(2) Computed without particles > 1"
(3) NS = Not Sampled
(4) Values are in ppm, unless otherwise noted.
(5) Composite concentration as calculated from particle size distribution.
(6) The scalper discharge concentration is not included in this value.
(7) The dewatering centrifuge discharge concentration is not included in this value
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Beazer East
South Cavalcade Superfund Site

Table 3
Wash Water Analytical Results

Total
Pot. cPAHs

Total
BTEX Arsenic Chromium TSS TDS cop TOO

b:BZRTBLS WKS\B««z«f
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Beazer East
South Cavalcade Superfund Site

Table 4
Results of Hazen Floatation Tests

Hazen
Test No.
FT-1
FT-2
FT-3
FT-4
FT-5
FT-6
FT-7
FT-8
FT-9
FT-10

SWACO
Test Run
RunE
RunE
RunE
RunE

RunsF&G
RunsF&G
RunsF&G
RunsF&G
RunsF&G
RunsF&G

Soil
Feed Stream

C1/C2
C1/C2
C1/C2
C1/C2

SSO/MCD/C1/C2
SSO/MCD/C1/C2
SSD/MCD/C1/C2
Minus 80 mesh
Minus 80 mesh
Minus 80 mesh

(1) Calculated
Feed Cone.

Pot. dPAH (ppml
616
724
284
784
307
333
312
445
433
332

(2) Aflajy?ed
Feed Cone.

Pot. cPAH <ppm)
1420
1420
1420
1420
256
256
256
276
276
276

r ^Tift^- ;

<Jby.
Pot.cf^(ppm)

57
101
98
324
151
98
138
NO
NO
121

Notes
(1) Calculated values are the sum of the floatation test end product concentrations.
(2) Analyzed values are based on feed sample analysis tests. These may be suspect due to uneven distribution of

contaminants in samples.
(3) Soil process stream designations:

SSO - Super Shaker Discard
MCD - Mud Cleaner Discard
C1, C2 - Centrifuge Discards

009824
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Beazer East
South Cavalcade Superf und Site

Table 5Pre-Washed Soil
Pot. cPAHsvs. PAHs

Gravels Sands
(-10m, +200rn)

Fines
(-200m)

Notes:
(1) Values are in ppm.

b:B2RTBLS.WK3\B«ur
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Beazer EastSouth Cavalcade Superfund Site
Table 6

Washed Soil Samples
Pot. cPAHsvs. PAHs

B

Scalper Discharge
Super Screen
Discharge

(-10. +1Sum)
Mud Cleaner
Discharge

(-10m. +150m)
Centrifuge
Discharge

Dewatering
Centrifuge
H325mV

746 288 765 204.9
6010 NS 1573 4429 1998.4

1241 238 381.1 600 366
13944 2646.3 4043.6 8183 4568

238 119.2 149 383 947
4465 2097.3 1768.8 6056 13137

744 1 17 857 1420 NS
14400 3103 15237 23143 NS

904 308 607 571 2253
4196 2349.5 3660.4 5349 43303

6882 1556 1289 227 1484
26312 6741 1289 1796 1484

Notes:
(1) NS = Not Sampled.
(2) M Denotes Mesh Size - U.S. Standard Sieve Numbers.
(3) Particle size ranges are approximate.
(4) Values are in ppm.

b BZflTBLS WK3\Beazet 009826
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Table 7
Before and After Soil Concentrations

Based on Calculated Composites
(ppm Pot. cPAH's)

OO8O

Test Run

A

B
C
D
E
F

G

Pile No(l)

3
6
5
9
1
8
1
10
2
4

Pre-Wash
Calculated Composite

Concentration^)
151
104
32
155
97
383
428
1 16

1271
22

Washed
Calculated Composite

Concentration<3)
1005

493
556
241
496
671

3202

Notes
(D
(2)
(3)

Test Runs A, F, and G used two soil piles as noted.
Refer to Section 5.2.1 for discussion of these data points.
Soil concentrations after discharge from the SWACO process.

b:EPACOM.doc\B«»Mr2
DAMES &. MOORE
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Table 8
Before and After Soil Concentrations for

Gravels, Sands, and Fines for SWACO Tests
and Hazen floatation Tests

(ppm Pot. cPAHs)

oo<N00ONOO

Test Run

A

B

C

D

E

F

G

Pile No.

3,6
3,6
3,6
5
5
5
9
9
9
7
7
7
8
8
8

1 , 10
1,10
1 , 10
2,4
2,4
2,4

SoU
Fraction(l)

Gravel
Sand
Fines
Gravel
Sand
Fines
Gravel
Sand
Fines
Gravel
Sand
Fines
Gravel
Sand
Fines
Gravel
Sand
Fines
Gravel
Sand
Fines

Starting
Conc.(2)

521
573
158
123
52
5

23
99

288
4

70
200
94
197
1075
487
307
106
1106
489
66

Washed
Conc.(3)

NS
3260
994
746
288
714
1241
346
525
238
141
614
744
398
1420
904
457
1160
6882
1470
466

Floated
SoU(5)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

57/101/98/324
NA

151/98/138/ND/121
151/98/138/ND/121

NA
151/98/138/ND/121
151/98/138/ND/121

Notes
(1) General soil particle size ranges. The size fraction cuts for pre-washed soils from the pertinent feed soil piles areshown in Table 1 of the PSR. The washed soil cuts are similar but not identical to the pre-washed cuts.
(2) Starting concentrations shown are the calculated composite concentrations also shown on Table 1 of the PSR.Concentrations on those test runs with combined piles have been weight distributed for that fraction.
(3) Washed concentrations are as analyzed for the individual fractions discharged from the SWACO process. Sandsconcentrations are shown as SSD/MCD data results. Fines are shown as C1C2/DWC data results. The

SSD/MCD sand and the C1C2/DWC fine concentrations are based on the weight distribution of each fraction.
(4) Floatation tests were performed by Hazen on soils washed by SWACO for Test Runs E, F, and G only. Data

is shown for the treated fractions generated by Hazen during numerous tests for the general size ranges shown.There is not a one to one correlation between the SWACO test runs and the Hazen test runs.
(5) Hazen mixed the sand and fine fractions from SWACO test runs F and G to produce a single feed stock for the

noted floatation tests. The composite feed stock concentration was analyzed as 256 ppm pot. cPAH and
calculated values ranged from 312 to 445 ppm pot. cPAH.

b:EPACOM.doc\B*ucr2 DAMES &. MOORE
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Table 9
Before and After Soil Concentrations forGravels, Sands, and fines DuringHazen Gravity Separation Tests(ppm Pot. cPAHs)

Test
Run

E

F

G

Pile No.

8
8
8

1, 10
1,10
1, 10
2,4
2,4
2,4

Soil
Fraction(l)

Gravel
Sand
Fines
GravelSand
Fines
Gravel
Sand
Fines

Starting
Conc.(2)

94
197

1075
487
307
106

1106
489
66

WashedConc.(3)

744
398
1420
904
457
1160
6882
1470
466

Floated
Soil(4)

NA
NA

57/101/98/324
NA

151/98/138/ND/121
151/98/138/ND/121

NA
151/98/138/ND/121
151/98/138/ND/121

Spiraied
Soil(5)

NA
90/54/32

NA
NA
NA
NA
NA
NA
NA

Ellutriated
Soil(6)

NA
70
NA
NA
NA
NA
NA
NA
NA

Heavy
Medium(7

157/354
NA
NA
670
NA
NA
NA
NA
NA

I
fn

O0jom

Notes
(1) General soil particle size ranges. The size fraction cuts for pre-washed soils from the pertinent feed soil piles are shown in Table 1. The washed soil cuts are similar but

not identical to die pre-washed cuts.
(2) Starting concentrations shown are the calculated composite concentrations also shown on Table 1.
(3) Washed concentrations are as analyzed for the individual fractions discharged from the SWACO process. Sands concentrations are shown as SSD/MCD data results. Fines

are shown as C1C2/DWC data results.
(4) Floatation tests were performed by Hazen on soils washed by SWACO for Test Runs E, F, and G only. Data is shown for the treated fractions generated by Hazen during

numerous tests for the general size ranges shown. There is not a one to one correlation between the SWACO test runs and the Hazen test runs.
(5) Hazen performed spiral concentration tests on soils washed by SWACO for Test Run E only. The results of the treated soil analyses generated by Hazen are shown. There

is not a one to one correlation between die SWACO test runs and the Hazen test runs.
(6) Hazen performed two ellutriation column tests on the sands from SWACO Test Run E. Only one of the tests was submitted for analysis and that data point is shown. There

is not a one to one correlation between die SWACO test runs and the Hazen test runs.
(7) Hazen performed heavy medium separation tests on gravels from SWACO's test runs E and F. There is not a one to one correlation between the SWACO test runs and

the Hazen test runs.

b:EPACOM.doc\Beuer2 009829
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1.0 Introduction
Swaco Geolograph was contracted by Beazer East, Inc. toconduct a field soil washing demonstration on affected soilsat their South Cavalcade Superfund Site located in Houston,Texas.
The South Cavalcade Superfund Site is located in thenortheast section of Houston/ Texas about one mile southwestof the intersection of U.S. Highway 59 (north) and theInterstate Highway Loop 610. The site boundaries areCavalcade Street to the north, Collingsworth Street to thesouth, the Missouri Pacific Railroad line to the west and theHouston Belt and Terminal lines to the east. The Site isrectangular in shape with a width of approximately sixhundred (600) feet and a length of forty eight hundred (4800)feet, encompassing an area of sixty-six (66 ) acres.
This site was used as a wood preservative treatingand distillation facility for coal tar from 1910 until 1962.Creosote and metallic salts were used in the operation. In1962, the Koppers Company, who was later purchased by BeazerEast, Inc., ceased operations and subsequently sold the siteto Merchants Fast Motor Lines.
Merchants Fast Motor Lines later subdivided and sold theproperty. Currently the owners of the occupied areas of thesite conduct light industrial operations. The central areaof the site is not currently used.

1.1 Purpose
This report presents results from the March 1993 pilot studyactivities and related testing. The purpose of the pilotstudy was to test the effectiveness of soil washing inremoving contaminants of concern from the soil with the useof surfactants. The intended result of this treatmentprocess would be to produce a clean soil fraction which couldbe returned to the site. The ultimate goal of the soilwashing process was to reduce the volume of contaminatedmaterial that must be further treated or disposed of offsite.

1.2 Overview
In May of 1992, a bench scale treatability study wasconducted with material from the South Cavalcade SuperfundSite and focused on soils washing.
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Parameters that were addressed are: soil-to-water ratio,multiple washing stages, chemical additive requirements,dewatering requirements, particle size distribution of thewashed soil fraction, particle size distribution of rejected/ contaminated fine soil fraction/ particle size distributionof solids removed by flocculation, solids concentration,concentration of PCOC's verses grain size before and aftertreatment, and settling data verses particle fraction.

1.3 Pilot Study Team
Beazer East. Inc.Steve Radel - Project ManagementJohn Helton - Water Treatment Management
Dames and MooreBruce HickmanWes FiandtTroy Hopper

Operations ManagementHealth And SafetyConstruction Management
Swaco Geolograph

Lawrence Childress
R.T. BraswellGary FoutJohn ChanceyDerwin SpeidelRay BradishJohn MonteGary TempletonGerald CrederGene WelchMike Deranger

Project ManagementProject ManagementProject ManagementProject ManagementHealth And SafetyHealth And SafetyOperationsOperationsOperationsOperations
Operations

Environmental Protection AgencyGlen Clerier - Oversight ManagementMark McDonald - Oversight ManagementGeorge Farmer - Oversight Management

2.0 Excavation
Dames and Moore Troy Hopper to complete

2.1 Section Overview
2.2 Core Samples
2.3 Excavation Operations
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3.0 Material Handling(storage piles to the loading hopper)

3.1 Section Overview
This section describes material handling activitiesassociated with the material excavated for the pilot tests.The test material, a total of one hundred ( 100) cubic yardswas segregated in ten ( 10) piles of ten (10) cubic yards eachand arranged on two (2) curbed concrete storage pads. Allmaterial piles were sampled and carefully covered bywaterproof liner material. At the start of the soil washingactivities, the material piles were inventoried, inspected,and recovered. See Figure 1 for the arrangement of theexcavated material stockpiled for the tests.
The test material, after being washed, was stored on theoriginal two (2) curbed concrete storage pads. Each fractionwas systematically segregated, sampled, and catalogued forfuture reference. Each "washed" pile was covered withwaterproof liner material. The only exception being thematerial from centrifuges #1, #2 and the dewateringcentrifuge. This material was stored separately in linedwater tight metal containers. These containers were placedon the storage pads and carefully catalogued and then coveredwith waterproof liner material.

3.2 Equipment and Procedures
Prior to processing in the soil washing system, each testpile was uncovered and monitored for organic vapors by healthand safety personnel from Dames and Moore and SwacoGeolograph. Dependent upon the VOC levels, appropriatepersonal protective equipment was donned prior to the handsorting of oversize debris. Table 1 details the volatileorganic compound levels recorded in the breathing zone wheneach sample pile was uncovered for processing.
Hand sorting each material pile was not anticipated at thebeginning of the pilot study. However, due to the largevolume of debris encountered, problems attributed tooversized material at the "grizzly", and pump pluggingproblems, removing oversized debris became a necessity. Asthis implies, the process was slow and labor intensive.
A front-end-loader equipped with a one (1) yard bucket loadedto approximately two thirds ( 2 / 3 ) to one half ( 1 /2 ) capacitymoved the material from the storage pad to a stationary
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classifying device. The stationary bar classifier/ alsoknown as a "grizzly", was designed to remove plus nine (+9)inch oversized material. This classifying device wasequipped with one and one half (1 1/2) inch square bars witha nine (9) inch spacing between the bars. Oversized debrisand any material dropped during the loading operation wascollected and stockpiled or processed.
The undersized material accumulated in the hopper locatedbelow the "grizzly" and was diverted onto a horizontalconveyor belt. The material was then deposited onto aninclined conveyor belt originating at ground level andterminating at the hopper of the hydro-jet/mill.

3.3 Physical Characteristics ofExcavated Material
The material for the pilot study consisted of a silty-clayinterspersed with considerable amounts of sand. Somematerial piles contained large quantities of sub basematerial such as crushed limestone/ shell/ brick and concreterubble. Other debris included creosoted and untreated wood;railroad spikes/ bolts/ tie plates/ angle bars/ wire/ roots/grass/ and horse shoes.
The odor of the tar/pitch varied from pile to pile. In somepiles, there was little or no trace of an aromatic odor.Other piles had a strong tar/pitch odor.
The quantity and type of black organic tar and pitch variedconsiderably in the material piles. The consistency of thetar and pitch varied from large/ dark/ hard/ "glassy"/weathered fragments to dark/ viscous/ plastic materialthrough out the pile.
The following is a brief description of the test piles asdetermined by visual inspection:
Pile #1, test run F; Sandy dry soil with large fragments ofasphalt. Approximately two (2) cubicyards of reject material.

Pile #2/ test run G; Large quantities of gravel/ shell/ andtar. Approximately seven and one half( 7 . 5 ) cubic yards of reject material.
Pile #3, test run A; Sandy soil with tar and approximatelyfive (5) cubic yards of rejectmaterial.
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Pile #4, test run 6; Sandy soil with little tar and rejectmaterial.
Pile #5, test run B; Sandy soil with little tar.Approximately one (1) cubic yard ofreject material.
Pile #6, test run A; Sandy soil with some tar andapproximately one (1) cubic yard ofreject material.
Pile #7, test run D; Sandy soil with black fragments. Lessthan one ( < 1 ) cubic yard of rejectmaterial.
Pile #8, test run E; Sandy clay, moderate amounts of tarwith a black sheen. Less than one ( < 1 )cubic yard of reject material.
Pile #9, test run C; Sandy clay, soil is stained withmoderate amounts of tar. Less than one( < 1 ) cubic yard of reject material.
Pile #10, test run F; Silty clay, dark brown staining butlittle black pitch. Approximately two(2) cubic yard of reject material.

3.4 Carcinogenic Polynuclear AromaticHydrocarbon Concentrations
Table 2 illustrates the levels of carcinogenic PolynuclearAromatic Hydrocarbons (PAH's) found in each of the testpiles.

3.5 Volatile Organic Compound Concentrations
Table 1 displays the concentration level of volatile organiccompounds detected in the breathing zone adjacent to thetest material.

4.0 Slurry and Soil Washing Operations

4. 1 Section Overview
The soil washing process begins with the removal of all plusnine ( +9) inch oversized material. This function was to be
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o•^tooa\operformed by a stationary bar classifier or "grizzly". °Problems developed when piles containing large quantities ofoversize debris blocked the reject bars and undersizedmaterial dropped from the hopper into the catch tray. Thehand picking of visible oversized debris from the materialpiles reduced the volume of undersized material that wasspilled during the loading operations. The undersizedmaterial spilled during the loading process is removed fromthe catch tray and added to the soil washing system.
The undersized, minus nine (-9) inch, material passes to thehopper located below the "grizzly11 and is conveyed to thehydro-jet mill. Here the material is reduced in size by ahigh pressure water and surfactant spray and blended in arotating paddle mixer.
The slurry is then deposited into the attrition scrubbercompartment. The surface contamination is removed by theintense scouring action.
The "scrubbed" material is pumped to the flotation cell.Here a portion of the fine particles and liquid with aspecific gravity of less than one (1) are "floated" to thesurface. This oil, tar/pitch, and water fraction is removedfrom the surface of the slurry by means of a mechanicalskimmer.
The oil, tar/pitch, and water is collected in a clarifierwhere the water, tar/pitch, and solids are separated. Theoil and tar/pitch is removed and stored in metal containersand the water returned to the soil slurry.
The "washed" soil is then dewatered by means of vibratingscreens, hydrocyclones, and centrifuges. Chemical coagulantsand flocculants are used to enhance removal of very finesolids. The water is recycled for use as make-up water ortreated and discharged.
A process flow diagram of the soil washing operation is shownin Figure 3.

4.2 Stationary Bar Classifier "Grizzly"
The stationary bar classifier device or "grizzly" removesplus nine ( +9 ) inch material that was not removed during thehand picking of the material piles before loading. The plusnine ( +9 ) inch material rejected by the grizzly is removedfrom the catch tray and stockpiled with the oversized handpicked material. The undersized material dropped during theloading process is removed from the catch tray and added tothe soil washing system. The undersized, minus nine ( -9)inch, material passes to the hopper located below the"grizzly" and is conveyed to the hydro-jet mill.
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4.3 Hydro-jet / Mill

The soil was prepared for the attrition scrubber by reducingany oversize agglomerated material to very fine particles.This was accomplished by a counter rotating blade mill andhigh pressure spray jets. The water jets were directed atthe soil as the blades shear and mix the soil material.During the pilot tests, Dames and Moore determined that thisdevice was too large and used too much water for the benefitthat it provided.

4.4 Classifier
The separation process consists of a vibratory screeningdevice equipped with a one (1) mesh screen. The classifierremoved any plus one ( + 1 ) inch oversize material from thesoil washing system. The rejected material consisted ofgrass, roots, rocks, wire, creosoted wood debris, railroadspikes rail anchors, and occasional consolidated clays. Thevolume of reject material was not consistent among thematerial piles. The reject material varied from traceamounts of debris to debris amounting to one half ( 1/2 ) ofthe material volume.
The majority of the rejected material was free of smaller
material and clay particles adhering to the surface.However, the surface of the rejected rocks often retained adark to medium stain. Some of the material piles thatcontained large quantities of consolidated clay clumps hadtoo little retention time to be dispersed and resulted inconsiderable quantities of clay carry over in the rejectmaterial after classifying.

4.5 Attrition Scrubber
After the material was blended in the hydro-jet / mill andthe oversized material removed, the remaining material wasdirected to the attrition scrubber.
The attrition scrubber consists of twin concentricallymounted parallel blade turbines. The blades are canted atfifty-five ( 55 ) degrees and arrayed to direct the slurry sothat the two streams impact violently at their convergence.This provides a scouring and grinding action designed to
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remove any tar/pitch coating from individual particles.Surfactants and abrading particles also aid in the removal ofany tar and pitch deposits.
Additions of surfactant accelerates the removal of organiccompounds from the soil. Surfactants used in combinationwith intense scrubbing action creates an efficient washingcycle. The washed slurry then moves to the flotation cellsection of the tank by means of an overflow weir.

4.6 Flotation Cell
The slurry consisting of washed soil, weathered creosoteparticles, liquid creosote, pitch, tar, and undersized debrisflows to the flotation compartment. The fraction of theslurry with a specific gravity greater than one ( > 1 ) settlesto the bottom of the tank while the material with a specificgravity of less than one ( < 1 ) floats to the surface.
Air is forced into the flotation cell at 600 cubic feet perminute. This air is diffused into micro-fine bubbles in thefront half of the tank. The micro-fine air bubbles tumblethe solids at the bottom of the tank and become attached tothe solids. The weathered tar and pitch particles and othersoil particles, due to the increased buoyancy, are thenfloated to the surface of the tank.

4.7 Skimming System
As stated in section 4 . 5 , the attrition scrubber andflotation cell occupies the front portion of this tank. Theremainder of the tank provided a calm area for the liquidoil, tar, pitch, and the solids that were floated to thesurface to agglomerate and be removed from the surface by theskimmer. Considerable fibrous material (mostly grass androots) was among the material floated to the surface.
The skimmer functioned by means of a vacuum pump. A skimmertray was initially used but soon became blocked from theaccumulation of sand, silt, and root particles. A handactuated collector was then substituted and provedsuccessful. The rental skimmer could be moved to theproximity of material as it floated to the surface.

4.8 Clarifier
The material that was removed from the surface of the
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flotation cell was deposited into the clarifier. The oclarifier was equipped with coalescing plates that allowed °the material with a specific gravity of less than one ( < 1 ) tomigrate to the surface of the vessel. Material with aspecific gravity greater than one ( > 1 ) settled to the bottomof the coalescer.
As the material collected at the top and bottom of thevessel, the material was removed by means of a top and bottomdischarge. This material was stored in metal containers.The excess water was returned to the flotation cell.

5.0 Mechanical Dewatering Operations

5.1 Scalping Shaker
The washed soil then advances from the flotation cell andskimming process to further washing cycles and dewatering ofthe soil. The scalping shaker was equipped with two (2) ten(10) mesh screens. The cut point of the screen was ( . 0 7 4 2 )inches or one ( 1910) microns with an open area of ( 5 6 . 3 )percent.
The material that was removed at the scalping shaker includedconsiderable quantities of gravel, shells, organic material(roots, grass, wood chips), and wire. The discard materialand volume did vary considerably between test piles.
Two problem areas were encountered at the scalping shaker.The first was the overflowing of the shaker reservoir. Thesecond problem was the coating out of tar and pitch on thescreen's surface. Addressing the first problem, a bypassline was installed to prevent the accumulation of largematerial (mostly rocks) in the bottom of the slurry tank.The bypass line began at the attrition cell and ran to thescalper shaker reservoir. The pump feeding the bypass linewas a constant volume pump. Any attempt at reducing thevolume resulted in material settling in the line. To preventplugging, this material was pumped to the scalping shaker atvery high volumes (600 gallons per minute). With this highvolume from the bypass line and the reduced screening areafrom the screen blinding, the screening efficiency of thescalping shaker was greatly reduced. This bypass line wasused only when emptying the rock trap/attrition scrubber
compartment.
This screen coating due to the tar and pitch proved to be aproblem common to all of the separatory screens.
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5.2 Super Screen Shaker #1
The Super Screen shaker performed the next step in thedewatering process. This vibrating screen shaker wasequipped with one hundred seventy five ( 175) mesh screenshaving a cut point of 95 microns. The flow from the scalpershaker could be split between Super Screen shakers #1 and #2with the shakers processing in parallel or the fluid could beprocessed by the shakers in series.
Super Screen shaker #1 was bypassed in later operationsbecause of the screens coating out from tar and pitch carryover. Also because of the increased efficiency of thedesander hydrocyclone installed on Super Screen shaker #2.

5.3 Super Screen Shaker #2
This Super Screen shaker was configured similar to superscreen shaker #1. This vibrating screen shaker was equippedwith 150 and 175 mesh screens with cut points of 105 micronsand 95 microns respectively.
For test run C, this shaker was retrofited with one (1)twelve ( 12 ) inch desander hydrocyclone. This configurationfacilitated the concentration of solids onto the screen whichincreased the screen loading and assisted in reducing thescreen coating out from tar and pitch. The desander cone wasadded in an attempt to extend the screen life. This newconfiguration increased the discard volumes and improved theefficiency of down stream equipment. This however did notreduce the overall screen efficiency because of the "piggy-backing" of smaller solids on the larger solids.
Problems that were encountered centered around the screenscoating out from accumulations of tar and pitch. Thedeposits of tar and pitch reduced the screen's open area andcaused excessive liquid in the discard material. Teflonscreens were tested but they also coated out. Acetone andalcohol were used as solvents and met with some success. Ahigh pressure washer proved to be most successful in removingthis residue from the screens. The best solution would be toincrease the efficiency of the skimming system and to removethe free tar and pitch before it reports to the dewateringprocess.
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5.4 Mud Cleaner

The 8T4 mud cleaner was equipped with eight (8) dual four (4)inch hydrocyclones and 175 or 210 mesh screens. The four (4)inch hydrocyclones produced an average cut point of fifteen( 15) microns. The cut point of the screens was 95 and 81microns respectively. The hydrocyclones facilitate a finercut point than could by achieved by screens alone. This wasaccomplished by the hydrocyclones concentrating the solids onthe screen which allowed an agglomeration of solids wheresmaller solids "piggy-backed" on the larger solids.
A problem that persisted through out the pilot study was fromtar and pitch coating out on the surface of screens. Anumber of solvents were used to clean the screens. Acetoneappeared to be the most successful; while alcohol appeared tobe the least effective. In addition to the screens, thehydrocyclones also experienced accumulations of tar and pitchon their interior surfaces. The hydrocyclones and thescreens were cleaned with a high-pressure washer. Again, theresult of these deposits was reduced screen and hydrocycloneefficiencies.
Good screen life was consistent through out the project. Themost detrimental effect was from the screens being coated bytar and pitch.

5.5 Centrifuge #1 and #2
The 518 centrifuges were high speed high volume centrifugescapable of being configured to process in series or parallel.The centrifuges initially were operated in series, but duringtest A was changed to operate in parallel to achieve higherprocessing rates. Both centrifuges operated at 2500 rpm witha gravitational force of 1240 g's. The average cut point ofthese centrifuges was five (5) microns.
The only difficulty encountered with this equipment was froma malfunction in the electrcial starter system. With thisexception, the centrifuge operation was as anticipated.

6.0 Chemically Enhanced Dewatering Operations

6.1 Overview
Dewatering and the recycling of water used in each test wasessential to the site operations. The large volume of water
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ooo\ogenerated by soil washing would have proved prohibitively oexpensive to treat and dispose. Therefore, the solids wereremoved from the wash water after each test by chemicalflocculants and the water was recycled. During the tests theonly additional make up water that was required was to makeup for the volume of water discarded with the solids. Thewater used to bring the wash water back to volume for thenext test was rain water that had been removed from theoperations pads and stored in metal tanks. Approximately11 ,455 gallons of wash water used in test A. The volume ofwater varied in each test according to the volume of soilthat was slurried. See section 6.5 and 9.0 for watertreatment costs and additional information.

6.2 Chemical Additions
Coagulant and polymer additions were accomplished through aflocculation manifold. Chemical dilution was alsoaccomplished in this process. The chemicals were introducedinto the mixing manifold by chemical metering pumps. In themixing manifold, the chemicals and water were thoroughlyblended by stationary mixers. Flocks of agglomerated solidswere formed as it passed through the manifolding system.These flocks of solids were fed to the flocculationcentrifuge and removed.

6.3 Dewatering Centrifuge
The dewatering centrifuge was operated at 2500 rpm with agravitational force of 1240 g's . The material mixture fromthe flocculation manifold was fed to the centrifuge for theseparation of water and solids. Occasional adjustments tothe chemical additions was necessary to maintain flocculationof the material.
Increased difficulty in flocculating the wash water, wasencountered during the last two tests, tests F and 6.Some of the alternatives that were tried included pHadjustment, reconfiguring the equipment, and adjustments tothe processing rate. Changing to another polymer proved tobe the solution.
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6.4 Discard
The solids were discharged from the centrifuge and werechanneled to the collection container. The discard wasviscus and had a "fluffed" appearance. When the flockedsolids are left undisturbed, water will leach from thesolids.

6.5 Clarified Water
The clarified water from the dewatering process was stored ina holding tank for reuse. The water clarity varied fromclear to a light "tea" color. After test E, it was apparentfrom the foam that there was surfactant being carried over inthe clarified water. This carry over became more evident asthe field test continued. The wash water in the last twotests was difficult flocculate. It was necessary to purchasean alternate polymer to treat this material. The cost forwater treatment was $0 .038 per gallon for a total chemicalcost of $2526.00. (excludes ancillary charges) See section9.0 for additional information.

7.0 Other Chemicals Used

7.1 Surfactants
7 . 1 . 1 Triton X-100

Triton X-100 was selected to be used in the field testbecause of the encouraging performance that was observedin the bench study. It was proposed to test thisproduct in one (1) and three (3) percent concentrations.However, due to excessive foaming encountered in test A,the concentrations of Triton X-100 were reduced to 1 .0,0 .5 , and 1 .25 percent by weight of the solids. Thecost of Triton X-100 was $ 1 .2 15 per pound for a total of
$3 ,353 .40 .

7 . 1 . 2 Dowfax 8390
Dowfax 8390 was chosen because the basic chemicalcomposition differs dramatically from Triton X-100. Anadvertised attribute of this surfactant was that oncea target coating was removed it would not be redepositedon other surfaces. This product was tested inconcentrations of 1 .0, 2 .0 , and 3.0 percent by weight of
the solids. The cost of Dowfax 8390 was $ 1 . 14 per
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pound for a total cost of $3 ,275 .00 .
7.2 Defoamer

Defoam-A was used to control excessive foaming caused bysurfactants. This difficulty was not anticipated andthis product was used as part of a contingency plan.This material proved effective in controling the foambut was very expensive. The cost for Defoam-A was$4 ,945 .88 . This cost was not a part of the originalestimate.
This material was necessary to control excessive foamingassociated primarily with Triton X-100.

7.3 Caustic Soda
Caustic soda beads was used where the test matrixspecified that a pH adjustment was required. A pHadjustment was specified because of the increasedsolubility of creosote in the higher pH ranges. Thisappeared to be verified in the tests. The cost for thisadditive was $2 18 .50 .

7.4 Solvents
7 . 4 . 1 Alcohol

Isopropyl alcohol was tested to observe its ability toremove the tar/pitch residue from the surface of theseparatory screens. This product was applied directlyto the tar/pitch on the screens and scrubbed vigorouslywith a brush. The alcohol proved ineffective inremoving this residue. Five (5) gallons of alcohol wasused in this test. The cost for the alcohol was $ 3 9 . 3 5 .
7 . 4 . 2 Acetone

Acetone was also examined to test its ability to removethe tar/pitch residue from the surface of the separatoryscreens. The acetone was applied without dilutiondirectly to the tar/pitch residue and scrubbedvigorously with a brush. The alcohol proved to beineffective in removing this residue. Five (5) gallonsof acetone was used in this test at a cost of $49 .45 .

14

009848



8.0 - Operational Test Review
8.1 Proposed Test Matrix

Test
A
B
C
D
E
F
6

Pile #
3 & 6

5
9
7
8

1 & 10
2 & 4

VolumeS lurriedcu . yds .
14
9
8
9
9
16
13

Surfactant
Triton X-100
Triton X-100
Dowfax 8390
Dowfax 8390
Dowfax 8390
Dowfax 8390
Triton X-100

TargetConcentration
3 %
1 %
1 %
2 %
2 %
3 %
3 %

WashTime
120
120
120
120
120
120
120

PH
7
11
11
11
11
11
11

8 .2 Actual Test Matrix

Test
A
6
C
D
E
F
G

Pile #
3 & 6

5
9
7
8

1 & 10
2 & 4

VolumeSlurriedcu. yds.
14
9
8
9
9
16
13

Surfactant
X-100
X-100

Dow 8390
Dow 8390
Dow 8390
Dow 8390
X-100

SurfactantCone.
1 %

0.5 %
1 %
2 %
2 %
3 %

1 .25 %

WashTime
120
136
187
132

80
348
104

pH
7

12 .2
1 1 .4
11 .5
12 .5
1 1 .3
1 1 .3
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8.3 Test Summary

8.3 . 1 Test A
Test A consisted of test pile three (3) and test pile six(6 ) . The cPAH levels of the test piles were 685.89 mg/kg and76 .76 mg/kg respectively. Test pile three (3) hadapproximately five (5) cubic yards rejected at the grizzlyand classifier and test pile six (6) had one (1) cubic yard.A total of fourteen ( 14) cubic yards were slurried. The soilto water ratio was fourteen ( 14) cubic yards of soil 20.9% to1 1 ,454 gallons of water 79. 1% . All weight calculations forthe test were based on 1 .35 tons per cubic yard. TritonX-100 was the surfactant that was used. The targetconcentration was three (3) percent by weight of solids.However, due to severe foaming problems, the surfactantconcentration was reduced to one (1) percent by weight ofsolids. An alcohol based defoamer was used to help controlfoaming. The pH was not adjusted for this test and wasmeasured at 7 .3 . The flotation cell unit and skimmer were inoperation.
The wash time was 120 minutes. Wash time started when thelast material in the test pile entered the slurry tank andended when the slurry was pumped to the scalping shaker anddewatering began. When material remained in the slurry tankovernight, the time from when operations ceased and thenresumed was not counted.
The classifier shaker was equipped with one (1) mesh screensand the scalper shaker had ten ( 10) mesh screens. Superscreen shakers #1 and #2 and the mud cleaner was equippedwith one hundred seventy five ( 175) mesh screens. Duringprocessing, the mud cleaner screens were replaced with twohundred ten (2 10) mesh screens for a finer cut point.Centrifuge #1 and #2 was configured to operate in series, butwas converted to parallel operation to handle the largevolume of colloidal solids. The centrifuges were running at
2500 rpm.
Most of the solids were discarded at the scalping shaker andby centrifuges #1 and #2. There was also a large volume ofdiscard at the classifier shaker. The discard container forthe classifier shaker was fitted with a removable frontclosure inorder to contain the solids. A by pass line wasinstalled from the rock trap / attrition scrubber to thescalper shaker to prevent this material from settling in theslurry tank. An arresting bar was retrofited to the grizzlyto reduce the loss of undersized material during loading.
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Approximately twenty two thousand (22 ,000) gallons of rainwater was pumped from the operations and storage slabs andstored for use as make-up water.

8 . 3 . 2 Test B
Test pile #5 was used for the second test. The cPAH levelsof the test pile was 118.16 ing/kg. Test pile five (5) hadapproximately one (1) cubic yard of reject material at thegrizzly and classifier. A total of nine (9) cubic yards ofmaterial was slurried. The soil to water ratio was 25% to75%, nine (9) cubic yards of soil to 5 ,458 gallons of water.Triton X-100 was the surfactant that was used in a one half(0 . 5 ) percent concentration by weight of solids. The targetpH was 11 and was actually adjusted to 12 .2. The wash timewas 136 minutes. The flotation unit and skimmer were inoperation.
The classifier shaker was equipped with one (1) mesh screensand the scalper shaker had ten ( 10) mesh screens. Superscreen shakers #1 and #2 were equipped with one hundredseventy five ( 175 ) mesh screens. The mud cleaner had twohundred ten (2 10 ) mesh screens. During operations, onehundred fifty ( 150) mesh teflon screens were installed onSuper Screen shaker #2. The two hundred ten (210) meshscreens on the mud cleaner were replaced with one hundredseventy-five ( 175 ) mesh screens. The screen changes weremade to combat screen blinding. Centrifuge #1 and #2operated in parallel. The centrifuges were running at 2500rpm.
Most of the solids were discarded at the scalping shaker, mudcleaner, and by centrifuges #1 and #2.
A desander cone was installed on Super Screen shaker #2.This concentrated the solids on the screen and helped inreducing screen blinding from the tar and tar/pitch material.A pressure washer was rented and proved very valuable inremoving the tar and tar/pitch residue from the screens.

8 . 3 . 3 Test C
Test pile #9 was used in the third test. The cPAH levels ofthe test pile was 67 .03 mg/kg. Test pile nine (9) hadapproximately two (2) cubic yards of material rejected at thegrizzly and classifier. A total of eight (8) cubic yards ofmaterial was slurried. The soil to water ratio was eight (8)cubic yards of soil 25% to 4 ,851 gallons of water 75%.Dowfax 8390 was the surfactant that was used in a
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ONooconcentration of one (1) percent by weight of solids. Thetarget pH was 11 and was adjusted to 11 .4. The wash time was187 minutes. The flotation unit and skimmer were inoperation.

The classifier shaker was equipped with one (1) mesh screensand the scalper shaker was equipped with ten ( 10) meshscreens. Super Screen shaker #1 was equipped with onehundred seventy-five ( 175) mesh screens. Super Screen shaker#2 was equipped with a desander hydrocyclone and had onehundred fifty ( 150) mesh teflon screens. The mud cleaner wasequipped with one hundred seventy-five ( 175 ) mesh screens.Centrifuges #1 and #2 operated in parallel at 2500 rpm.
The solids discard was distributed among the equipment. Thescalper shaker had a heavy discard volume. The desanderhydrocyclone on Super Screen shaker #2 concentrated thesolids and reduced the burden on the mud cleaner. Thediscard from Super Screen shaker #2 and the mud cleanerappeared clean and dry. This configuration helped to reducescreen blinding some. Centrifuges #1 and #2 had a dark drydiscard.
Acetone and alcohol were tested as solvents to dissolve thescreen blinding tar and tar/pitch. The alcohol provedineffective. However, acetone worked much better than thediesel. The Super Screen shaker #2 (desander) and the mudcleaner hydrocyclones concentrated the solids onto thescreen; however, this reduced the overall effectiveness ofthe screens.

8 . 3 . 4 Test D
This test consisted of pile #7. The cPAH level of the testpile was 53 .34 mg/kg. Test pile seven (7) had approximatelyone (1) cubic yard of reject material at the grizzly andclassifier. A total of nine (9) cubic yards of material wereslurried. The soil to water ratio was 25% to 75%, nine (9)cubic yards of soil to 5 ,458 gallons of water. Dowfax 8390was the surfactant used in a two ( 2 . 0 ) percent concentrationby weight of solids. The target pH was 11 and was actuallyadjusted to 1 1 .5 . The actual wash time was 132 minutes witha target wash time of 120 minutes. The flotation unit andskimmer were in operation.
The classifier shaker was equipped with one (1) mesh screensand the scalper shaker had ten ( 10) mesh screens. Superscreen shaker #1 was not used because of the increasedefficiency of the desander hydrocyclone on Super Screenshaker #2. The Super Screen shaker #2 witfc desanderhydrocyclone was equipped with one hundred fifty ( 150) meshteflon screens. The mud cleaner had one hundred seventy-five
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( 175 ) mesh screens. Centrifuges #1 and #2 operated inparallel and were running at 2500 rpxn.
The scalping shaker had a heavy discard of rocks, shell, androots. Super Screen shaker #2 and the mud cleaner had lightbrown dry discard. The discard from centrifuges #1 and #2was dark and dry. Some surfactant carry over was observed atthe dewatering centrifuge.
The slides from centrifuges #1 and #2 were configured todischarge into one container. The diffuser screens wereremoved from the flotation unit to reduce settling in theslurry tank. A longitudinal jet line was installed in thebottom of the slurry tank to reduce settling and to channelthe solids to the suction. Screen blinding continues to be aproblem. The pressure washer and acetone works well inremoving the tar from the screens.

8 . 3 . 5 Test E
Test pile #8 was used in this test. The cPAH levels of thetest pile was 43 .93 mg/kg. Test pile eight (8) hadapproximately one (1) cubic yard of material rejected at thegrizzly and classifier. A total of nine (9) cubic yards ofmaterial was slurried. The soil to water ratio was nine (9)cubic yards of soil 25% to 5 ,458 gallons of water 75%.Dowfax 8390 was the surfactant that was used in a two ( 2 . 0 )percent concentration by weight of solids. The target pH was11 and was actually adjusted to 12 .5 . The wash time was 80minutes. The flotation unit and skimmer were in operation.
The classifier shaker was equipped with one (1) mesh screensThe scalper shaker was configured with ten ( 10) mesh screens.Super screen shaker #1 was not used. The Super Screen shaker#2 (desander) was equipped with one hundred fifty ( 150) meshscreens. The mud cleaner had one hundred seventy-five ( 175 )mesh screens. Centrifuge #1 and #2 operated in parallel andwere running a 2500 rpm.
The scalping shaker had a heavy discard consisting of shells,rocks, grass, and wood debris. Super Screen shaker #2(desander) discard had large volumes of clean dry sand. Thediscard from the mud cleaner had dry solids with sometar/pitch carry over. Centrifuges #1 and #2 had a dark drydiscard. The water from the dewatering centrifuge waslightly stained with some surfactant carry over and a drydiscard.
Screen blinding continued to be a problem. The hydrocyclonesfrom the mud cleaner were removed and inspected. Tar/pitchand tar were coating the inside of the hydrocyclones. Thecones were cleaned and replaced. The free tar/pitch and tar

19

009853



IT)
OOONOo

must be removed at the slurry tank and not be carried over tothe shaker screens.

8 .3 .6 Test F
Test pile #1 and #10 were used in this test. The cPAH levelswere 413.57 rag/kg and 147.62 mg/kg respectively. Test pileone (1) had little or no reject material and pile ten ( 10)had approximately four (4) cubic yards of material rejectedat the grizzly and classifier. A total estimated volume ofsixteen ( 16) cubic yards of material was slurried. The soilto water ratio was 25% / 75%, sixteen ( 16) cubic yards ofsoil to 9,703 gallons of water. Dowfax 8390 was thesurfactant that was used in a three (3 .0 ) percentconcentration by weight of solids. The target pH was 11 andwas actually measured at 1 1 .3 . The target wash time was 120minutes but was extended to 348 minutes to allow additionalskimming time). The flotation unit and a rental skimmer werein operation.
The classifier shaker was equipped with one (1) mesh screensand the scalper shaker had ten ( 10) mesh screens. Superscreen shakers #1 was not in use. Super Screen shaker #2(desander) and the mud cleaner was configured with onehundred seventy-five ( 175 ) mesh screens. Centrifuge #1 and#2 operated in parallel turning at 2500 rpm.
The solids discarded at the Super Screen shaker #2 (desander)and the mud cleaner was dry and appeared clean. The discardfrom centrifuges #1 and #2 was dry to medium dry. The waterfrom the dewatering centrifuge was clear with a dry solidsdiscard.
A rented vacuum skimmer was tested in the flotation cell.The skimmer removed large amounts of tar/pitch and tar.There was some plugging from organic material (grass androots). A higher capacity skimmer was needed. An auxiliarydiesel pump was installed to provide higher volumes to thejet line in the slurry tank.

8 . 3 . 7 Test G
Test piles #2 and #4 comprised the last test. The cPAHlevels of the test piles were 1333 .80 mg/kg and 13.1 1 mg/kgrespectively. Test pile two (2) had approximately four (4)cubic yards and test pile four (4) had approximately three(3) cubic yards of material rejected at the grizzly andclassifier. A total of thirteen ( 13) cubic yards of materialwas slurried. The soil to water ratio was thirteen ( 13 )cubic yards of soil to 7 ,884 gallons of water for a 25% to
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75% ratio. Triton X-100 was the surfactant that was usedwith a target concentration of three (3) percent by weight ofsolids. The actual surfactant concentration was reduced toone and one fourth ( 1 .25) percent by weight of solids becauseof foaming problems. The target pH was 11 and was actuallymeasured at 1 1 .3. The wash cycle time was 104 minutes. Theflotation unit and rental skimmer were in operation.
The classifier shaker was equipped with one (1) mesh screens.The scalper shaker had ten ( 10) mesh screens. Super screenshaker #1 was not used. Super Screen shaker #2 (desander)was equipped with one hundred seventy-five ( 175) meshscreens. The mud cleaner was equipped with one hundredseventy-five ( 175) mesh screens. Centrifuge #1 and #2operated in parallel and were running a 2500 rpm. The waterfrom the dewatering centrifuge was cloudy with considerablesurfactant carry over.
A large volume of rock, shell, and weathered tar/pitch wasdiscarded at the scalper shaker. Super Screen shaker #2(desander) and the mud cleaner discarded large volumes ofclean dry sand and silt. Centrifuges #1 and #2 had dark drydiscards.
Rainwater collected on the operations and storage slabs werepumped to water storage tanks. Serious foaming problems wereencountered. A defearner was used to control heavy foaming.Rocks and other heavy debris were frequently pumped to thescalping shaker from the rock trap / attrition scrubbercompartment. This helped in reducing material settling inthe slurry tank. The skimmer could not remove all of thetar/pitch and tar because of its low processing rate.Dewatering of the wash water was becoming increasinglydifficult.

9.0 Wastewater Characterization
9.1 Recycled Water

Water from the dewatering operations as well as rainwaterwere recycled for use in the soil washing operations wheneverpossible. During the entire field test, fresh make-up waterwas used the first day only. For the remainder of the tests,water recycled from the dewatering operations was used asmake-up water. The volume of water lost with the solidsremoved from the soil washing operations was made up withrain water removed from the operations pads and stored inholding tanks.
Except for the initial make-up water, fresh water was usedonly for cleaning and decontamination operations.

21

009855



ooONOOApproximately 66 ,227 gallons of total slurry volume wasdewatered. The total cost for all dewatering chemicals,excluding trucking charges, etc. was $2 ,547 .25 . Resulting ina dewatering cost of $0.038 cents per gallon. The actualcost was less because approximately half a drum, (27 )gallons, of 90L and half a drum, (27 ) gallons of TP 504 wereremaining at the end of the test.

9.2 Rainwater
Accumulations of rainwater impeded the soil washingoperations. Considerable effort and expense was expended inthe management and reuse of rainwater accumulated on theoperations and material storage pads. Before continuingoperations or beginning operations at the start of the day,the rainwater was pumped from the concrete operations padand the material storage pads to storage tanks. Therainwater from the storage tanks was used as make-up water inthe soil washing operations.
Before the approach of rain showers, any open test piles weresecured by covering and water proofing each material pile.Good housekeeping practices were also implemented in order toprevent the contamination of rainwater from residue left onslabs.

9.3 Washdown Water
Washdown water from decontamination operations was collectedon the decontamination pad. The water that accumulated onthe decontamination pad was pumped into storage tanks at theend of each day. Any rainwater that accumulated overnightwas pumped into storage tanks at the beginning of each day.

10 .0 Ambient Air Monitoring
10.1 Section Overview

Air monitoring was conducted through out the soil washing,dewatering, and material storage operations. Theseactivities were performed by Swaco Geolograph's health andsafety personnel. Dames and Moore performed independentmonitoring on behalf of Beazer East.
The parameters that were monitored during site operationswere volatile organic compounds and dust.
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10.2 On site Monitoring
Site monitoring responsibilities were performed by health andsafety representatives from Swaco Geolograph. A systematicschedule of observations were made and recorded. Morefrequent instrument readings were recorded if conditionsdemanded. Dames and Moore performed independent monitoringfor Beazer East/ Inc. See Table 1 for the Volatile OrganicCompounds levels in the breathing zone adjacent to the testmaterial and Table 3 for dust levels in the breathing zone.

10 .3 Local Weather Conditions
The weather conditions during the field project weregenerally hot and humid with brief periods of coolertemperatures initiated by the passing of weather fronts. Themoderating of temperatures occurred during and immediatelyfollowing rain showers and if overcast conditions persisted.Most of the inclement weather was the result of passingweather fronts. The passage of these fronts was usuallyaccompanied with heavy showers of one (1) to three (3) inchesof rain or more and intense lightning.
To assure the safety of all personnel, soil washingoperations ceased in the event of intense lightning. Whenthe danger of lightning had passed, soil washing operationsresumed.

1 1 .0 - Test Difficulties
11.1 Debris In Test Material

Extensive debris was found in the test material. Thismaterial consisted of treated timbers, sticks/ roots/ tieplates/ angle bars/ spikes/ wire/ etc. The debris thatescaped the "grizzly" and the classifier often fouled pumpsuctions and pump impeller causing down time.

1 1 .2 Stationary Bar Classifier "Grizzly"
Positioning of the grizzly was important to the overallloading operations. It is important for the loader to beperpendicular to the grizzly to reduce material droppedduring loading operations.
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1 1 .3 Hydro-jet / Mill o

The jets experienced plugging problems caused by grass,roots, and other debris. Another difficulty was from largeconsolidated clay particles not being degraded to less thanone (1) inch. These particles would be rejected at theclassifier shaker.

1 1 .4 Classifier
The classifier screen and discharge port had to be clearedoccasionally of grass, roots, wire, and wood debris.

1 1 .5 Attrition Scrubber / Rock Trap
The foremost operating concern with this equipment focused onretention time and the circulation pump becoming plugged.The rubber hoses used with this equipment washed out fromthe abrasive slurry.

11 .6 Flotation Cell
The settling of solids in the bottom of the tank was aprincipal obstacle to continuous soil washing operations. Onone occasion this material blocked the suction of thetransfer pump.

1 1 .7 Skimmer
The accumulation of solids in the skimmer pan blocked thesuction. In addition, the removal rate of the skimmer wasinsufficient to remove all of the free tar and pitch duringthe wash cycle time.

1 1 .8 Clarifier
The small capacity of the clarifier prevented removal of allthe skimmed tar and pitch. In addition, time was lost fromthe necessity to remove accumulated tar and pitch soakedroots and grass from the bottom of the clarifier.
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1 1 .9 Scalping Shaker
Screen blinding due to the coating out of tar and pitch.

11.10 Super Screen Shaker #1
Screen blinding due to the coating out of tar and pitch.This resulted in dramatic reductions of screeningefficiencies.

11.11 Super Screen Shaker #2 (Desander)
Screen blinding and interior coating of hydrocyclones fromtar and pitch. This resulted in dramatic reductions ofscreening efficiencies.

1 1 . 12 Mud Cleaner
Screen blinding and interior coating of hydrocyclones fromtar and pitch. This resulted in dramatic reductions ofscreening efficiencies.

1 1 . 13 Centrifuges 1 and 2
A minor electrical malfunction in the starter mechanismoccurred. This equipment performed as expected.

1 1 . 14 Dewatering Manifold
The chemical injection pump for the polymer becameblocked from the polymer "setting up". This was expected andis considered as part of the routine equipment maintenance.

11 . 15 Dewatering Centrifuge
This equipment performed as expected.
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1 1 . 16 Clarified Water
Dewatering became very difficult with reduced water qualityduring the last two tests, F and 6.

12 .0 -Conclusions
The screening efficiencies of the scalper shaker, SuperScreen shakers 1 and 2, and the mud cleaner were belowexpectations. Upon closer examination, it was apparent thatmuch of the ultra-fine material carried over in the finesrange could be attributed to one of two causes: 1) blindingof the screens from tar and pitch or 2) from theconcentrating of the solids on the screen by thehydrocyclones. The screen's blinding reduced the effectiveopening size and the percent open area of the screen. Thetwelve ( 12 ) inch and four (4) inch hydrocyclones have meancut points of forty (40 ) microns and twenty five ( 25 ) micronsrespectively. By concentrating these fine solids on thescreen in high volumes, the smaller solids instead of passingthrough the screens will tend to agglomerate and be discardedwith the larger particles. A contributing factor is the tarand pitch bonding the fine and coarse solids. See Table 4for particle size distribution of the washed soil fractionfrom the scalping shaker, Super Screen shaker, mud cleaner,and centrifuges 1 and 2.
The carcinogenic Polynuclear Aromatic Hydrocarbons, cPAH,were not concentrated in any particle size range. They werewidely distributed through out the washed soil fractions.Therefore, all washed soil discards must be tested. This maytranslate into an extensive sampling program. See Tables 5and 6.
No sampling or testing was conducted on the plus one (+ 1 ) orthe plus six ( +6 ) material. It is expected that the majorityof this material will pass the seven hundred (700) ppm cPAHlimit. The majority of this material appears to have only asurface coating of tar and pitch and therefore any cPAH'swould constitute a small overall percentage. The exceptionmay be the weathered tar/pitch particles and the creosotetreated wood debris which conceivably could contain cPAHconcentrations greater than the seven hundred (700 ) ppmlimit.
The scalper shaker discard appears to have consistently highcPAH concentrations. Some of this can be attributed toweathered tar/pitch in this particle size range. It isSwaco's opinion that this high concentration resulted fromfree tar and pitch coating out on the reject material. Thistar and pitch was carried over from the flotation cell with
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the solids. Removing the free tar and pitch in the flotationcell by means of a high efficiency, high volume skimmingsystem could reduce these high cPAH levels.
The Super Screen shaker 1, Super Screen shaker 2 (desander),the mud cleaner, centrifuge 1 and 2, and the dewateringcentrifuge discards (washed soil) were significantly abovethe seven hundred (700) limit in test runs A and G. This maybe attributed to the high cPAH levels of the contaminatedmaterial used in these tests. This contaminated material hadthe highest cPAH levels encountered during the pilotdemonstration. The only exception was the discard fromcentrifuge 1 and 2 in test 6 where the cPAH levels were wellbelow 700 ppm. Also, centrifuges 1 and 2 in test run E andthe dewatering centrifuge in test run F had cPAH levels above700 ppm.
Soil washing appears to be an effective method to cleansignificant portions of contaminated soil and reduce thevolume of material that must be treated further or disposedoff site. Dowfax 8390 was effective in releasing thetar/pitch and tar from soil particles. Dowfax appeared to beeffective in relatively low concentrations of one half ( 0 . 5 )to one (1) percent. To realize the full benefit from thesurfactant a high efficiency skimming system is necessary.A method of dewatering the washed soil without screeningwould be beneficial. Recycling the water proved to bepractical and economical. The water should be dischargedperiodically to keep the treatment costs treatment volumeswith in manageable limits.

13 .0 Recommendations For Full Scale Operations
1) Remove large pieces of weathered tar and pitch andoversized debris before slurrying the soil.Mechanical equipment should be used as much aspossible. However, some of this material may have tobe removed by manual sorting.
2) Install a four (4) foot retaining wall with wing wallson one end of the material storage pads to facilitateloading the material into the front-end loader'sbucket. This will also prevent contaminated materialfrom being pushed off of the storage pad duringloading operations.
3) Place the "grizzly" on a concrete work pad. Theconcrete pad should be extend in front of the grizzlyinorder to catch any material dropped during loadingoperations. This would reduce the possibility of thecontaminating the soil and facilitate retrieving this

material.
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The location of the pad should be in line with thesoil washing equipment to facilitate loading.
There should be ample unobstructed area around the padfor the loader to maneuver. A vibrating grizzlyshould be installed in place of the stationary grizzlyto reduce loading time and remove oversize debris.The slope of the grizzly should be reduced to asmaller incline angle.

4) Remove the material that would plug the nozzles in thehydro-jet sprayer. This could be accomplished byutilizing a finer mesh screen on the classifiershaker. However, this finer mesh screen could causeundissolved clay particles to be discarded.
5) More retention time in the mill would provideadditional time for the high pressure water and millblades to decrease the size of large chunks of clay.This could by accomplished by reversing twenty five(25 ) percent of the blades in the mill. This wouldgreatly reduce the consolidated clay chunks fromby passing the soil wash and be deposited in thediscard container.
6) Improve residence time in the attrition scrubber couldbe managed by providing additional attrition scrubbercompartments. This would result in a more intensesoil washing cycle.

Another improvement to this system would be to replacethe rubber hoses by installing hard piping with longradius 90 degree ells. This would reduce, hopefullyeliminate, wash outs and reduce the opportunity forplugged lines.
7) Additional agitation should be installed in theflotation cell to prevent material settling. An augerbottom tank would facilitate removal of material fromthe tank bottom.

A jet line was installed in the tank bottom during thefield test that significantly reduced the accumulationof solids in the bottom of the tank.
8) A high efficiency, high volume skimming system isneeded to remove the total volume of free tar andpitch from the slurry tank. To work in combinationwith the improved skimmer, a high capacity clarifierwith a bottom auger for solids removal would berequired.
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This improved skimming system could also prove to bethe solution to screen blinding. All of the tar andpitch would be removed from the slurry beforeprocessing through the vibrating screen shakers.

9) A possible option to vibrating screen shakers would beto use a sand screw to perform the majority of thedewatering process. This would eliminate the screensentirely.
10) The overall dewatering process performed very welluntil the end of the test. At the beginning of testrun F the wash water became difficult to flocculate.Various remedies were tried and met with littlesuccess. The solution proved to be changing thepolymer. For the full scale process, I recommend thatthe clarified water be discharged to the watertreatment plant after a set number of times beingrecycled. This will keep the quality of water highand minimize the water treatment costs.
11) Steve Radel, Mike Tischuk, Bruce Hickman, and LawrenceChildress met on June 7, 1993 and discussed methodsto improve the soil washing operations. The currentdata and the experience gained from the field test wasconsidered and discussed thoroughly. This informationwas taken into account with alternative equipment andmethods. The product of this meeting is depicted inFigure 4, titled "Proposed Equipment Flow Diagram".

14 .0 - Cost Of Demonstration Test
The total invoice amount for the field demonstration test was$ 15 1 ,44 1 .00 . The project's revised cost estimate from April
24, 1992 was for $ 142 ,469 .00 .
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South Cavalcade Superfund siteHouston, Texas

TABLE 1

VOLATILE ORGANIC COMPOUNDS LEVELS IN THE BREATHING
ZONE ADJACENT TO TEST MATERIAL

Test Run============
A
A
B
C
D
E
F
F
G
G

Test Pile_ _ _ _ _ _ _ _ _ _ _ _ _ _
3
6
5
9
7
8
1
10
2
4

Volatile Organic Compoundsin ppm(breathing zone)
4 . 7
3 . 9
1 .5
6 . 2
7 . 2
2 . 7
3 . 7
3 . 2
5 . 4
2 . 4
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South Cavalcade Superfund SiteHouston, Texas

TABLE 2

CARCINOGENIC POLYNUCLEAR AROMATIC HYDROCARBON LEVELS
FROM LABORATORY ANALYSIS ON EACH TEST PILE

Test Run
A
A
B
C
D
E
F
F
G
G

Test Pile
3
6
5
9
7
8
1

10
2
4

cPAH in mg/Kg==============
685 .89

7 6 . 7 6
1 18. 16

67 .03
5 3 . 3 4
43 .93

4 13 .57
147 .62

1333 .80
13. 1 1
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South Cavalcade Superfund SiteHouston, Texas

TABLE 3

DUST LEVELS IN THE BREATHING ZONE

Dust Levels in ppmTest Run
A
A
B
C
D
E
F
F
G
G

Test Pile
3 '
6
5
9
7
8
1
10
2
4

(breathing zone)=========================
0.03
0 .03
0 .06
0 .05
0.01
N/A
N/A
N/A
N/A
N/A
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South Cavaload* Supcriund Project
Houston, Texas

TABLE 4
Sin Dirttoutton of Washed Soil

oosO
So4p*r 8hak«r Discard

TMtRun
A
B
C
0
E
F
Q

>4MMh
NS

0.0
0.0
0.0
0.0
0.0
0.0

+4M- 10M
NS

10.0
U
0.0
0.0

10.0
9.0

+ 10M-200M
NS

72.5
83.9
•2.0
92.0
77.0
84.0

-200M
NS

17.9
14.0
110
8.0

13.0
11 .0

TOTAL
NS

100.0
100.0
100.0
100.0
100.0
100.0

Supar Sor»*n Shak«r Discard

T«st Run
ji

B
f+

D
E
F
G

> 10M«sh
2.0

NS
0.0
0.0

+10M -150M
89.9

NS
88.0
92.0

0.0 1 98.0
2.3
0.0

89.9
89.0

<150M
32.9

NS
14.0
8.0
4.0

TOTAL
100.0

0.0
100.0
100.0
100.0

8.0 1 100.0
19.0 100.0

Mud CUaiwr Discard

TMtRun! > 10Mesh I +10M -175M <175Mh-* —B
C
D
E
F
Q

1.0
0.0
0.0
0.0
1.0
0.0
1.0

71.0
49.0
99.0
92.0
94.0
4&0
70.0

28.0
91.0
49.0

8.0
49.0
94.0
29.0

100.0
100.0
100.0
100.0
100.0
100.0
100.0

TOTAL

Cmtrilug* 1 ft 2 Discard

TntRun
A
B
C

H^^E
F

r G

> 200 MMh
0.0

10.0

+200M -325MI <325M
98.0
«9.0

10.0 1 70.0
9.0

36.0
9.0

68.0
91.0
73.0

3.0| 71.0

42.0
29.0
20.0
17.0
13.0
22.0

TOTAL
100.0
100.0
100.0

90.0
100.0
100.0

26.0 j 100.0

NS- Not Sampled
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South C«vmlc*d* Supwfund Propct
Heuiton. TMM

TABLES

00
VO00
ON
OO

ePAHCc i of Pr*-Wa>h«d Swtpto*

Sompto
ID

SC-PW-K+10)
SC-PW-1 (-10+200)
SC-PW-K-ZOO)
TOTAL^WT%* CONC.)
SC-PW-2J+10)
SC-PW-2MO+200)
SC-PW-2<-200)
SC-PW-2(+10)MS
SC-PW-2(+1«MSD
TOTAL(WT%* CONC.)
SC-PW-3(+10)
SC-PW-3(-10+200)
8C-PW-K-200)
TOTAL(WT%« CONC.)
SC-PW-4(+10)
SC-PW-4{-10+200)
SC-PW-4(-200)
TOTAL(WT%« CONC.)
SC-PW-9<+10)
SC-PW-9(-10+200)
SC-PW-9(-ZOO)
TOTAL(WT%- CONC.)
SC-PW-6J+10)
SC-PW-6K-10+200)
SC-PW-6(-200)
TOTAL(WT%* CONC.)
SC-PW-7(-HO)
SC-PW-7(-10+200)
SC-PW-7(-200)
TOTALWmt* CONC.)
SC-PW-8(+10)
SC-PW-6(-10+200)
SC-PW-K-200)
TOTAL(WT%« CONC.)
SC-PW-9(+10)
SC-PW-0(-10+200)
SC-PW-9(-200)
TOTAL(WT%* CONC.)
SC-PW-10H-10)
SC-PW-10(-10-f200)
SC-PW-10(-200)
TOTAL<WT%" CONC.)
SC-PW-DUP(-HO)
SC-PW-DUP(-10+200)
SC-PW-DUP(-200)
TOTAL(WT%« CONC.)

Total ePAH (1)
w/fUptotod ValiMi

543.00
742.00
34.00

42M2
1240.00
2043.00
329.00
Ml .00
870.00

1271.91
993.00

1926.00
2*8.00
797.41

21.00
29.00
20.00
22.30

123.00
92.00

9.00
32.30
19.91

129.00
77.00

104.44
3.99

70.00
200.00

97.27
94.00

197.00
1079.00

383.99
23.00
99.00

288.00
19941
144.00

72.00
162.00
118.64
88.00
32.00

4.00
22.76

W«ifht(2)
PWCMlt <%j

42%
26%
33%

100%
76%
13%
8%

100%
44%
29%
27%

100%
10%
44%
46%

100%
8%

38%
94%

100%
3%

61%
36%

100%,
2%

76%
22%

100%
6%

72%
22%

100%
3%

66%
31%

100%
7%

49%
44%

100%
9%

40%
91%

100%

NOTE:
(1) A»urn«d ND - Oand BQL - 0
(2) A* provided by ChMtor L«bt. »xelud»» paritetot targw than 1 • nomirwl dtenwter.
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SCALE
14 MILES

FIGURE 1

South Cavalcade Superfund Site
Houston, Texas
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FIGURE 2

NO SCALE
South Cavalcade Superfund Site

Houston, Texas
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FIGURE 4
Proposed Equipment Flow Diagram
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Appendix B
Hazen Pilot Test Report
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INTRODUCTION

Beazer East, Inc. (BEI) is currently directing a study to develop a soil washing process at the South
Cavalcade CERCLA site in Houston, Texas. The site, a former wood-treatment facility, is
characterized by soils containing potentially carcinogenic poly aromatic hydrocarbons (c-PAH). As
a part of the program BEI has engaged Hazen Research, Inc. (Hazen) to conduct a process response
study to generate data that can be applied to the design of a remediation process at the site.

The technical foundation for the work is based upon the results of an exploratory test program
conducted earlier on samples from the South Cavalcade site. This preliminary test program identified
gravity separation and froth flotation response attributes of the site materials, and provided the
impetus for further study. The results of this work were reported in "Bench-Scale Characterization
of Soils Contaminated with Wood Treatment Chemicals" (Hazen Project 7932) on September 21,
1992.

During the period from April 20 through July IS, 1993, laboratory and pilot-scale studies were
conducted on selected process products collected from field demonstration testing at South Cavalcade.
This on-site test work, conducted by SWACO Geolograph (SWACO) in conjunction with BEI and
their consultants, consisted of seven soil washing/classification process tests, identified as Runs A
through G. Client-directed sampling of the washing system resulted in five panicle-size-classified
materials from three of the tests (Runs E, F, and G) for subsequent characterization and process
response testing at Hazen.

The objectives and initial scope of work for the test program were defined by Messrs. Steve Radel
of BEI and Bruce Hickman of Dames & Moore, consultants to BEI at the South Cavalcade site,
through telephone conversations, correspondence, and on-site meetings in March 1993, attended by
Dr. Arthur Colombo of Hazen. In a subsequent project review meeting at Hazen, on June 6 and 7,
1993. attended by Messrs. Radel, Hickman, and Lawrence Childress of SWACO, modifications to
the scope of work were made to address process alternatives which were suggested by the work
completed to date.

Additional input regarding the objectives of the project was received from Messrs. Glenn Celerier,
project manager for the EPA, and Mark McDonnell of Fluor Daniel, consultants to the EPA at South
Cavalcade, during their visits to Hazen. The efforts of all of these gentlemen were appreciated and
contributed to the successful and timely completion of the work.
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COOOOOBJECTIVES AND SCOPE OF WORK

BEI is evaluating flowsheet alternatives for a soil washing process to remove materials contaminated
with c-PAH from the soil at the South Cavalcade site. As a part of the developmental program, field
demonstration testing of a soil washing/classification process was conducted by SWACO to
disaggregate and characterize the distribution of the contaminants in site reference samples. Client-
provided analyses of the process products from this work show a wide range of c-PAH levels, and
indicate that in many cases, further treatment will be required to reduce the contaminant level to less
than 700 parts per million (ppm) as specified in the record of decision for the site.

Accordingly, the studies at Hazen were conducted to refine and confirm a process concept for
removing c-PAH contaminants from the prewashed field-demonstration samples. A test program was
designed and conducted to compare the performance of gravity separation and froth flotation for
treating the rock/seashell/soil matrix materials at the site. The results of the work were developed
to provide comparative mass flow and contaminant-removal performance data that could be applied
to the design of a remediation process.

Bench- and pilot-scale testing was conducted on provided samples from Field Demonstration Runs
E, F, and G to characterize gravity separation and froth flotation performance. Gravity separation
studies included unit operation evaluations of heavy medium separation, hydraulic classification using
an elutriation column, and spiral concentrator separation, on appropriately sized feed materials. Froth
flotation test work evaluated the concentration response of the c-PAH contaminants in the soils as
a function of reagent schemes, kinetics, feed particle size, and feed pulp density. Chemical analyses
of all test products from the study were conducted by Chester LabNet in Houston, Texas.

Five particle-size-classified materials from the three field demonstration runs were provided for the
test program. Specifically, the process streams are client-identified by name and/or nominal particle
size as 1) Minus 4 Plus 1 Inch, 2) Scalper Discharge (SD) -1 Inch +10 Mesh, 3) Super Screen
Discharge (SSD) -10 +80 Mesh, 4) Mud Cleaner Discharge (MCD) -80 +200 Mesh, and 5) Centrifuge
I/Centrifuge 2 (C1/C2) Minus 200 Mesh. The process products are referred to by name and particle
size, interchangeably, in the test work discussions in the report.
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SUMMARY AND CONCLUSIONS

The process design study of South Cavalcade soils, incorporating laboratory and pilot-scale studies,
has been completed. Performance variables for gravity separation and froth flotation processing were
explored to furnish an understanding of the process characteristics for the soils contaminated with c-
PAH.

• Unit operation testing indicated that the c-PAH contaminants in the South Cavalcade soils show
a strong response to gravity separation and froth flotation processing. Flowsheet alternatives were
explored to provide comparative contaminant removal and mass flow balance data that can be
applied to remediation process design.

• Characterization test work, conducted on field demonstration samples from Runs E, F, and G,
identified that the c-PAH contamination was concentrated in the coarse (plus 10 mesh) size
fractions. Heavy medium separation testing conducted on a minus 4 plus 1-inch size fraction
containing 4,772 ppm c-PAH showed that a clean product (348 ppm c-PAH), representing 51.9
weight percent of the feed, was produced.

• Spiral concentrator test work, conducted on minus 10- plus 200-mesh material from field
demonstration Run E (with a computed feed grade of 259 ppm c-PAH), showed that 70.6% of the
c-PAH contaminants in the sample were recovered to a tailing product, representing 10.7 weight
percent of the feed.

• Froth flotation testing conducted on a range of minus 10-mesh products indicated that the c-PAH
contaminated particulates responded well to froth flotation without the addition of chemical
reagents.

• Flocculant scan studies showed that a sequential addition of cationic, nonionic, and anionic
polymers at low concentrations enhanced liquid/solid separation and produced a clear supernate,
containing 66 milligrams per liter of plus 0.45-micron solids, per liter (mg/L).

• Qualitative melting tests showed that the tarlike material in the soils is sensitive to temperature,
and will begin to melt and stick to metal surfaces at about 80° F.

• A simulation of flowsheet alternatives, based upon the program test results, indicates that trommel
scrubbing and froth flotation will efficiently treat a wide range of contaminated soils at the South
Cavalcade site.
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DISCUSSION

PROJECT SAMPLE DESCRIPTION

Approximately 450 kilograms (kg) of samples from the field demonstration testing at South
Cavalcade were received at Hazen in two shipments. The first set of samples, consisting of a
composite of minus 4- plus 1-inch material from Runs F and G and SD, SSD, MCD and C1/C2
samples from Run E, was received on April 20, 1993. The second shipment comprised SD, SSD,
MCD, and C1/C2 materials from Runs F and G and was received on June 6,1993. Details concerning
the weight, percent moisture, and bulk densities of each of the provided materials are recorded in
Appendix A of this report.

Laboratory and pilot-scale testing was conducted on materials as received and/or as composites
prepared at Hazen for unit operation testing. Details of sample preparation for the test program are
discussed under the appropriate headings below.

HEAVY MEDIUM SEPARATION TESTING

In preparation for the heavy medium separation test work conducted on minus 4- plus 1-inch
composite from Runs F and G and the minus 1-inch plus 10-mesh (SD) product from Run E, each
of the products were batch scrubbed and screened at 10 mesh. The purpose of this work was to
evaluate the effect of horizontal scrubbing for further disaggregating the materials and to remove the
residual fine particles contained in the sample that would affect the performance of the dense medium
separation.

Minus Four Plus One-inch Fraction

The minus 4- plus 1-inch composite sample representing Runs F and G was batch scrubbed in a
rolling bottle at 50 weight percent solids. The scrubbed product was screened at 1 inch and 10 mesh,
and the resulting size fractions air dried and weighed. The minus 10-mesh material was sampled and
screened at 80 and 200 mesh, as described in Particle Size Analysis 1 (PSA) in Appendix B. Plus
1-inch and minus 1-inch plus 10-mesh size fractions were each directed to heavy medium separation
(magnetite medium) testing using medium slurry densities of 2.0 and 2.2 kilograms per liter (kg/L).
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The heavy medium separation products were crushed to nominal minus 6 mesh and sampled for
analysis, as indicated in Heavy Medium Separation Tests 1 and 2 in Appendix C, and summarized
in Table 1.

Examination of the data in Table 1 shows that horizontal scrubbing produced a minus 1-inch fraction
comprising 15.4 weight percent of the feed, with 39.0% of the 1-inch material being finer than 10
mesh. The data additionally show that the computed c-PAH level in the sample was 4,752 ppm, and
that the contaminants were distributed evenly throughout the particle size fractions. Heavy medium
separation testing, conducted on the scrubbed minus 4- plus 1-inch fraction, produced a sink fraction
at 2.2 specific gravity with a c-PAH level of 348 ppm, representing 43.9 weight percent of the as-
received sample, or 51.9% of the test feed. Similarly, heavy medium test work on the minus 1-inch
plus 10-mesh material produced a sink fraction of 2.2 specific gravity with a c-PAH level of 670
ppm, representing 3.3 weight percent of the as-received sample, or 34.5% of the test feed. The
computed c-PAH level for the minus 10-mesh fines was 5,741 ppm.

For reference, it is noted that for each of the heavy medium test products, the 2.0 float fraction
consisted of large lumps of tar with minor inclusions of rock, sand, and seashells. The intermediate
density material (2.0 to 2.2 specific gravity) was characterized as rock and tar agglomerates, and the
2.2 sink material was rocks and shells with a spotty occurrence of tarlike coating.

Table 1

Summary of Results for Minus Four- Plus One-inch Size Fraction

Product
Feed (Computed)
-4+1 inch

2.2 Sink
2.0 Sink
2.0 Float

-1 inch +10 mesh
2.2 Sink
2.0 Sink
2.0 Float

-10 +80 mesh
-80 +200 mesh
-200 mesh

Weight%
100.0
(84.6)
43.9
1 1 .9
28.8
(9.5)
3.3
3.3
2.9
2.3
1.2
2.5

c-PAH Analysis
(ppm)
4,752

(4,772)
348

1,982
12,665
(3,948)

670
2,319
9,470
8,080
6,150
3,350

c-PAH Distribution%
100.0
(84.2)

3.2
5.0

76.7
(7.9)
0.5
1.6
5.8
3.9
1 .6
1.7
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Minus One-inch Plus Ten-mesh Fraction

The minus 1 inch plus 10-mesh Scalper Discharge from Run E, characterized as principally fibrous
wood chips with sand inclusions and minor amounts of pea-size gravel, was treated in a horizontal
scrubber as previously described. The scrubbed product was screened at 10 mesh and the resulting
size fractions air dried and weighed. The minus 10-mesh material was sampled and screened at 80
and 200 mesh as described in PS A 2 in Appendix B. Plus 10-mesh material was sampled and a
portion directed to heavy medium separation testing using medium slurry densities of 2.0 and 2.2
kg/L using a magnetite medium. Subsequently, a sample of the 2.0 float fraction was treated using
water flotation (1 .0 sink and float products) to further characterize the sample. Detail results are
recorded in Heavy Medium Separation Test 3, and a characterization summary presented in Table 2.

Table 2

Summary of Results for Minus One-inch Plus Ten-mesh Size Fraction

Product
Feed (Computed)
-1 inch +10 mesh

2.2 Sink
2.0 Sink
2.0 Float (Computed)
1.0 Sink
1.0 Float

-10 +80 mesh
-80 +200 mesh
-200 mesh

Weight
%

100.0
(80.2)

2.8
7.3

(70.1)
58.8
1 1 .3
16.7
1 .7
1.4

c-PAH Analysis
ppm
376

(352)
157
184

(476)
354
1 1 13
96
1 19
483

c-PAH
Distribution

%
100.0
(93.5)

1 .2
3.6

(88.7)
55.3
33.4
4.3
0.5
1 .8

The data in Table 2 show that horizontal scrubbing produced a minus 10-mesh fraction comprising
19.8 weight percent of the feed and containing 6.6% of the c-PAH in the sample. The data also show
that 70.1 weight percent of the feed, containing 88.7% of the c-PAH, reported to the 2.0 kg/L float
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product Visual observation identified that this product consisted almost entirely of fibrous wood
chips. It is noted here that an analysis conducted on the 2.0 float product identified 2,209 ppm c-
PAH in the sample as compared to the 476 ppm computed value shown in Table 2. It is speculated
that this discrepancy is the result of the spotty distribution of paniculate contaminated with c-PAH
in the sample. For comparison, the computed c-PAH grade of the Scalper Discharge product from
Run E using the analyzed value (2,209 ppm) for the 2.0 float fraction is 1,591 ppm, resulting in .a
97.3% distribution of the c-PAH contaminant in the 2.0 float product It is noted here that the minus
1-inch plus 10-mesh products from Runs F and G were composited and treated in the horizontal
scrubber to characterize their c-PAH levels. The results of this work are presented as Particle Size
Analyses 3 and 4.

ELUTRIATION COLUMN TESTING

Elutriation column testing was conducted on samples of Scalper Discharge from Run E and also on
a Hazen-prepared composite of Super Screen Discharge and Mud Cleaner Discharge from Run E.
The procedure for each test called for the sample to be introduced to a column 3l/i inches in diameter
with a 4.0 liter per minute (L/min) upward current of water. The column overflow was collected
until no paniculate were observed in the stream, at which time the flow rate was increased to 7.5
L/min and the exercise repeated. At the conclusion of the test the three products were dewatered,
air dried and sampled for c-PAH analysis. Detailed results of the test work are presented in
Appendix E and discussed here.

The data for Elutriation Test 1, conducted on SD material from Run E, show that no significant solids
reported to the overflow fractions at the flow rates tested. Accordingly, samples from this test were
not submitted for analysis. The test results for the SSD/MCD composite material show that 27.3
weight percent of the test feed reported to the combined 4.0 and 7.5 L/min overflow product and
contained 57.0% of the c-PAH identified in the test products. It is noted that the analyzed c-PAH
grade of the SSD/MCD composite feed was 445 ppm, as compared with a computed grade (based
upon the test products) of 118 ppm, both well below the clean-soil standard.

SPIRAL CONCENTRATOR TESTING

Test work to evaluate the potential of a spiral concentrator for removing c-PAH contamination was
conducted on the Hazen-prepared composite of SSD/MCD material from Run E, as described under
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the previous heading. Three batch closed-circuit tests compared c-PAH distribution in the spiral
product as a function of product cutter settings on the unit, while maintaining a feed rate of about
2.3 tons per hour (tph) and a feed pulp density of approximately 25% solids by weight. Procedural
details and results for the work are recorded in Appendix D and summarized graphically in Figure
1.

Figure 1 shows c-PAH recovery as a function of product weight percent and identifies that the
contaminants respond very well to gravity concentration on the spiral. Specifically, the results of
Spiral Test 2 show that 70.6% of the C-PAH in the test sample reported to the spiral tailing product
(outer portion of the concentrating device where particles of lower specific gravity would accumulate)
in 10.7 weight percent of the feed.

Finally, it is observed that the computed feed grades for Spiral Tests 1, 2, and 3 were 288, 259, and
180 ppm c-PAH, respectively, as compared to the analyzed feed grade of 445 ppm c-PAH. This
result might be due the fact that the sample contained free oily liquid that accumulated on the metal
and plastic surfaces of the test unit. It was not possible to collect a representative sample of this oily
coating for analysis.

FROTH FLOTATION STUDIES

Froth flotation test work evaluated the concentration response of the c-PAH contaminants in the soils
as a function of reagent schemes, kinetics, feed particle size, and feed pulp density. The initial work
compared flotation performance as a function of reagent addition and time for the nominal minus
200-mesh C1/C2 product from Run E. Subsequent studies evaluated the variables of feed particle
size and feed pulp density, and were conducted using a Hazen-prepared composite of
SSD/MCD/C1/C2 (minus 10-mesh) materials from Runs F and G. Detailed results for the test work
appear in Appendix F and are summarized here.

Effect of Reagents

The C1/C2 sample from Run E was thoroughly blended as a slurry and sampled to provide feed
material for the test program. Representative aliquots of the slurry, at approximately 25 weight
percent solids, were conditioned for five minutes in a two-liter flotation cell with 1) no reagents, 2)
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sodium silicate, 3) sodium hydroxide, and 4) sodium carbonate. The conditioned pulp was floated
for a period of 25 minutes, with froth samples collected for analysis at intervals of 5, 15, and 25
minutes. Detailed results of the testing are presented in Flotation Test 1 through 4 and summarized
in Figure 2.1

The data in Figure 2 show a significant increase in c-PAH concentration performance advantage for
Tests 1 and 2, using no reagents and sodium silicate, respectively. Further comparison of these two
tests indicate that the addition of sodium silicate increases the selectivity of the process. However,
overall recovery of the c-PAH contaminants was best when no reagents were added to the system
(Test 1). The data for Flotation Test 1 show that the computed grade of the feed to the test was 616
ppm c-PAH, and that 91.2% of these contaminants were recovered to the 15-minute flotation
concentrate in 47.4 weight percent of the feed.

With the exception of Flotation Test 3, in which a feed grade of 284 ppm c-PAH was computed from
the test products, the computed grades of the feed samples were quite stable with values of 616,724
and 784 ppm c-PAH recorded for Tests 1, 2, and 4, respectively.

Effect of Feed Pulp Density and Particle Size

This test work was conducted using a Hazen-prepared composite of the provided SSD/MCD/C1/C2
materials from Field Demonstration Runs F and G. These materials were blended, sampled for
analysis, and split into test charges for the flotation studies. Analysis of the composite sample
showed that it contained 256 ppm c-PAH. The first suite of tests (Flotation Tests 5, 6, and 7)
investigated the response of the minus 10-mesh feed to flotation at variable feed pulp densities.
Subsequent work (Tests 8, 9, and 10) compared flotation performance at varying feed densities on
a minus 80-mesh fraction screened from the prepared composite.

Flotation Tests 5, 6, and 7 explored the response of the c-PAH to froth flotation at respective feed
pulp densities of 50,35, and 20 weight percent solids. Test work on the minus 10-mesh material was
conducted without the addition of reagents. Details of the test conditions and results appear in
Appendix F and are summarized graphically in Figure 3.

Comparison of the data in Figure 3 identifies a significant performance advantage realized in Test
6, where a feed pulp density of 35 weight percent solids was employed. Specifically, referring to
Test 6, the data show that 62.9% of the c-PAH contaminants were recovered to the five-minute

See Response to EPA Comments, December 16, 1 9 9 3 , Appendix G
Item EPA #11
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Summary of Flotation Tests 5,6 and 7
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flotation froth comprising 17.3 weight percent of the feed. The computed feed grades for this test
series were comparable at 307, 333, and 312 ppm c-PAH for Tests 5, 6, and 7, respectively.

Flotation Tests 8,9, and 10 investigated performance at varying feed pulp densities, using a minus
80-mesh material. The feed to the test work was prepared by screening a portion of the
SSD/MCD/C1/C2 composite material at 80 mesh. The minus 10- plus 80-mesh screen oversize
fraction was collected, dried, and sampled for analysis. The minus 10- plus 80-mesh fraction
represented 45.0 weight percent of the composite and contained 232 ppm c-PAH. Accordingly, the
grade of the flotation feed was computed by difference from the composite grade, at 276 ppm c-PAH.

The work in the test set evaluated flotation performance at feed densities of 40, 30, and 20 weight
percent solids for Tests 8, 9, and 10, respectively. Test details are recorded in Appendix F and
summarized graphically in Figure 4.

Examination of the data, represented in Figure 4, identifies that a significant advantage is gained by
processing at 30 and 40 weight percent solids in comparison to Test 10, conducted at 20 weight
percent solids. Test data for Flotation Tests 8 and 9 show that the C-PAH levels in the flotation
tailing product were reported as nondetectable. Further examination of the Test 8 data shows that
96.5% of the c-PAH contamination was concentrated into the 15-minute froth product in 36.7 weight
percent of the test feed.

FLOCCULANT SCAN AND SETTLING TEST WORK

The flocculant scan testing was conducted to evaluate the effect of polymer additives for enhancing
the liquid/solid separation of fine paniculate materials. The feed material to the test series was a
sample of flotation tailing from minus 80-mesh feeds diluted to approximately 15 weight percent
solids. The polymer scan series investigated the effects of cationic, nonionic, and anionic flocculants,
individually and in sequential additions. Details of procedure and results appear in Appendix G and
are summarized in Figure 5.

Figure 5 presents the optimum settling rate data for the series of polymer scans and establishes that
a sequential addition of cationic/nonionic/anionic flocculant (FlocScan 4D) exhibited significantly
better settling characteristics than the remaining combinations tested. Further examination of the
Flocculant Scan 4 test data shows that the visually clear supernate for this test contained 66 mg/L
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of solids with a particle size greater than 0.45 microns. Additionally, the data can be used to project
the density of the settled solids for this test at about 45 weight percent.

QUALITATIVE MELTING TEST

The client reported that, during field demonstration testing, the tarlike particles in the soil were
observed sticking to and smearing on the screen surfaces, a condition that was not encountered in the
test work at Hazen. It was speculated that the phenomenon was a function of temperature, and a
qualitative melt test was conducted to substantiate the idea.

Approximately 50 grams of the 2.0 float product from Heavy Medium Separation Test 1 crushed to
a nominal minus 6 mesh were used for the work. The sample was placed in a stainless steel pan in
a mono layer and exposed to temperatures of 60°, 70°, and 80°F for periods of one hour.
Examination of the material in the pan showed that many of the tarry particles began to stick to the
surface of the pan at 80°F. The data suggest that if the temperature of the contaminated soils was
maintained at less than SOT, the smearing observed on the screens at the field demonstration test
could be controlled.

RELATIVE DENSITY ANALYSES

Relative density analyses, to determine the minimum and maximum density per unit weight of
cohesionless free-draining soils, were conducted on the two Hazen-prepared composites of SSD/MCD
material. Composite samples of the SSD/MCD products from Run E and Run F were directed to
Advanced Terra Testing, a subcontractor to Hazen, for the analyses. The testing was conducted in
accordance with ASTM 4253-93 and ASTM 4254-91, corresponding to the maximum and minimum
density index procedures.

Detailed data for the work, presented in Appendix H, show that the respective minimum and
maximum density indices for the Run E sample are 82.6 and 99.6 pounds per cubic foot (Ib/ft3).
Similarly, the comparative results for the Run F composite were 84.6 and 95.4 Ib/ft3.

CO8O
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SUMMARY AND COMPARATIVE FLOWSHEET EVALUATIONS

The results of the process study at Hazen conducted on provided samples from the field
demonstration testing show that the c-PAH contamination in the samples are concentrated in the
coarse size fractions.

Samples collected from Run E show that c-PAH levels in the plus 10- mesh Scalper Discharge may
run as high as 1,591 ppm. Analysis of the minus 10- plus 200- mesh composite of SSD/MCD
material indicates a grade of 445 ppm c-PAH, while the average grade of the minus 200-mesh
material (C1/C2) was shown to be 602 ppm c-PAH, as computed from the flotation test products.

A similar evaluation of a composite of materials from Runs F and G shows that the minus 4-inch plus
1-inch size fraction contained 4,752 ppm c-PAH, and the minus 1-inch plus 10-mesh fraction 1,563
ppm c-PAH, based upon an analysis of the test products. The minus 10-mesh composite of
SSD/MCD/C1/C2 material from Runs F and G showed and analyzed a c-PAH level of 445 ppm.

The process flowsheet suggested by the test work at Hazen would consist of trommel scrubbing and
screening at 10 mesh, with the screen oversize fraction directed to heavy medium separation to
produce a clean rock/shell product with a c-PAH level of less than 700 ppm, and a contaminated
tarlike component requiring further treatment or disposal. The minus 10-mesh process product would
be dewatered and combined with the clean oversize material as a backfill.

However, this process scheme may not be realistic, since other analyses (furnished to Hazen in a draft
report by the client) of minus 10-mesh field demonstration products indicate c-PAH levels above the
700 ppm level. Accordingly, a comparative flowsheet study based upon higher levels of c-PAH
contamination was conducted to evaluate metallurgical and mass flow characteristics of three process
alternatives. The basis and results for the modelling exercise are discussed in the following sections.

FLOWSHEET SIMULATION BASIS

The feed material for the simulation work was computed based upon applicable test data from the
work at Hazen and client-provided weight distribution and analysis data for Runs E, F, and G, from
the field demonstration program. This client-provided information (excerpted from a draft report)
is included in Appendix I. Data for the feed sample are presented in Table 3, with appropriate source
references.
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Metallurgical perfonnances for the process schemes are based on the results of the unit operation test
work at Hazen. That is, the modelled process response data, included in Appendix I, were
proportioned to reflect the increased c-PAH levels in the finer size fractions, and used to compute
the distribution of the clean and contaminated products. The water balance for each of the systems
is based upon simplified but consistent additions of water as required to meet the performance criteria
identified by the test work at Hazen. A feed rate of 5 tph was arbitrarily selected for each of the
simulations.

Table 3

Simulated Feed for Flowsheet Evaluation

Product Weight Distribution, % ' c-PAH Analysis, ppm
Feed (Computed)
-4 inch +1 inch
-1 inch +10 mesh (SD)
-10 +80 mesh (SSD)
-80 +200 mesh (MCD)
-200 mesh (C1/C2)

100.0
6.0
19.2
35.2
24.0
15.6

1687
47722

16783

15564

12894

14204

1 Computed average for products from Field Demonstration Runs E, F, and G2 Heavy Medium Separation Test 1
3 Computed from Heavy Medium Separation Test 1 and Particle Size Analysis 3

products4 From client-supplied field demonstration analytical data

FLOWSHEET DISCUSSIONS

Mass flow and metallurgical performance were simulated for three integrated gravity separation/froth
flotation process systems. Each of the flowsheet alternatives is graphically described with
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accompanying mass and c-PAH metallurgy balances in Figures 6, 7, and 8. Comparative results for
the simulation are presented in Table 4 and discussed here.

Process Flowsheet 1 (Figure 6) describes a 5 tph system where minus 4-inch contaminated soils are
fed to a horizontal scrubber fitted with a 1-inch trommel screen. The minus 1-inch trommel
discharge is further screened at 10 mesh, and the screen oversize is combined with trommel oversize
for heavy medium separation processing. The dense medium separation conducted using a 2.2 kg/L
slurry specific gravity produces a float (c-PAH-contaminated) and a sink (less than 700 ppm c-PAH
clean soil) product Minus 10-mesh screen undersize is directed to further classification at 200 mesh,
with the oversize fraction treated using spiral concentrators, and the minus 200-mesh fraction is
directed to froth flotation. The spiral and flotation processes produce clean soil and c-PAH-
contaminated products as indicated in Figure 6.

Process Flowsheet 2 (Figure 7) treats the plus 10-mesh fraction as described previously, and the
minus 10-mesh product is directed to froth flotation at SO weight percent solids. Note that water flow
to the scrubber trommel was reduced to increase the pulp density in the flotation circuit. The
distribution of clean soil and c-PAH contaminated products are described in the figure.

Process Flowsheet 3 is similar to the previous example with the exception that flotation processing
is conducted at 35 weight percent solids.

Table 4

Comparative Flowsheet Summary

Process System
Flowsheet 1
Flowsheet 2
Flowsheet 3

Clean Soil Weight %
(<700 ppm c-PAH)

76.8
52.0
73.3

Contaminated Soil
Weight %

23.2
48.0
26.7

Water Rate1

tph
13.1
3.9
7.1

1 Based on solids rate of 5 tph
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Gravity Separation/Froth Flotation Flowsheet 1 20

FeedStph

Contaminated
Soil

4.6 wt%
9.2%c-PAH

Float
12.6 wtft

31.5 % c-PAH

Minus 200m
Sink

12.6 wt%
4.5%c-PAH

1

Clean Soil
11.0wt%

3.8%c-PAH

Spiral
Concentrator -*

1 Clean Soil
' 53.2 wt%

17.8%c-PAH

Contaminated
SoU

6.0 wt%
33.2%c-PAH

Product

Rate
Solids
(tph)

Rate
Water
(tph)

Product
Distribution

(%)
Analysis
c-PAH
(pom)

% Distribution
(c-PAH)

Feed (computed)

Plus 10 mesh (HMS)
Sink
Float

Minus 10 plus 200 mesh (Spiral)
Clean Soil

Contaminated Soil

Minus 200 mesh (Rotation)
Clean Soil

Contaminated Soil

(1.26)
0.63
0.63

(2.96)
2.66
0.30

(0.78)
0.55
0.23

Total system water for 5 tph of solids processed.

(0.12)
0.06
0.06

(8.88)
3.18
5.70

(4.13)
2.91
1.22

(13.1 )

100.0

(25.2)
12.6
12.6

(59.2)
53.2
6.0

(15.6)
11.0
4.6

1690

(2415)
603

4227

(1455)
564

9356

(1408)
584

3378

100.0

(36.0)
4.5
31.5

(51.0)
17.8
33.2

(13.0)
3.8
9.2

Figure 6

Hazen Research, Inc.
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Gravity Separation/Froth Flotation Flowsheet 2 21

Feed 5 tph

Con urn mated
Soil

35.4 wift
49.9%c-PAH

Fl<Mt
12.6 wi*

31.6* c-PAH

Clem Soil
39.4 wt%

14.0%c-PAH

Sink
12.6 wt%

4.5ftc-PAH

Product
Rate
Solids
(tph)

Rate
Water
(tph)

Product
Distribution

(%)

Analysis
c-PAH
(Ppm)

% Distribution
(c-PAH)

Feed (computed)

Plus 10 mesh (HMS)
Sink
Float

Minus 10 mesh (Flotation)
Clean Soil

Contaminated Soil

5.00

(1.26)
0.63
0.63

(3.74)
1.97
1.77

Total system water for 5 tph of solids processed.

3.86

(0.12)
0.06
0.06

(3.74)
1.97
1.77

(3.86)

100.0

(25.2)
12.6
12.6

(74.8)
39.4
35.4

1687

(2415)
603

4227

(1442)
600

2379

100.0

(36.1)
4.5
31.6

(63.9)
14.0
49.9

Figure?

Hazen Research. Inc.
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Gravity Separation/Froth Flotation Flowsheet 3

ON00
ON

22

FeedS tph

Minus 1

CooUfflinjucd
Soil

14.1 wt%
42.5%c-PAH

Flo*
12.6wt*

31.5% c-PAH

Clean Soil
60.6 wt%

21.4 %c-PAH

Sink
12.6wt%

4.5%c-PAH

Product

Rate
Solids
(tph)

Rate
Water
(tph)

Product
Distribution

(%)

Analysis
c-PAH
(ppm)

% Distribution
(c-PAH)

Feed (computed)

Plus 10 mesh (HMS)
Sink
Float

Minus 10 mesh (Flotation)
Clean Soil

Contaminated Soil

5.00

(1.26)
0.63
0.63

(3.74)
3.03
0.71

Total system water for 5 tph of solids processed.

7.06

(0.12)
0.06
0.06

(6.94)
5.63
1.31

(7.06)

100.0

(25.2)
12.6
12.6

(74.8)
60.7
14.1

1689

(2415)
603

4227

(1444)
597

5081

100.0

(36.0)
4.5
31.5

64.0
21.4
42.5

Figures

Hazen Research, Inc.
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o
The summary data in Table 4 show that the best metallurgical performance was achieved in Process
1, where 76.8 weight percent of the feed was recovered to a clean soil product with c-PAH
contamination of less than 700 ppm. This process required significantly more water than either of
the other scenarios, using 13.1 tph water for each 5 tph of solids processed. The reverse of this is
seen in Flowsheet 2, which is characterized by the lowest water requirements and poorest
metallurgical performance. Of the three process alternatives examined, Flowsheet 3 provided the best
metallurgy and water balance, producing a clean soil product comprising 73.3 weight percent of the
feed and requiring 7.1 tph water for 5 tph solids processed.

Hazen Research, Inc.
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Appendix A Project No.: 8074 Ch
Bulk Density Analysis 1 Date: Apr-93 §

Purpose: To determine the bulk density of each of the as-received samples.
Sample: Test products from onsite processing of South Cavalcade soils, as indicated below

(Hazen Sample 46707).

Procedure: The net weight and volume of each of the as-received materials was recorded. A
portion of each of the five samples was collected and the respective weight percent
moisture of the sample was determined. The data were used to compute the wet and
dry bulk density for each of the products as indicated in the results.

Net Wet Net Dry (1) ____Bulk Density
Results: Weight Volume Weight WL % Wet Dry

Solids (kg/cubic m) (kg/cubic m)
99.3 1076 1068

83.6 1053 880

96.2 1632 1570

79.4 1932 1534

64.2 1563 1004

(1) The net dry weight is computed from an approximately 300 gram grab sample collected
from each of the test products for weight percent moisture analysis.

Sample Identification
Plus 1-inch
(Runs F and G)
SDRunE

SSD Run E

MCD Run E

C1/C2 Run E

OCR)
17.05

25.95

36.24

34.81

32.72

(liters)
15.85

24.65

22.21

18.02

20.93

OCR)
16.93

21.69

34.86

27.64

21.01

Hazen Research, Inc.
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Appendix A
Bulk Density Analysis 2

Project No.
Date:

8074
June-93 OO

Purpose: To determine the bulk density of each of the as-received samples.

Sample: Test products from onsite processing of South Cavalcade soils, as indicated below
(Hazen Sample 46707).

Procedure: The net weight and volume of each of the as-received materials was recorded. A
portion of each of the nine samples was collected and the respective weight percent
moisture of the sample was determined. The data were used to compute the wet and
dry bulk density for each of the products as indicated in the results.

Results:
Sample Identification
SDRunF
SD RunG

SSD Run F

SSD Run G
MCD Run F
MCD Run G
C1/C2 Run F

Cl RunG
C2RunG

Net Wet
Weight
(kg)

33.78
34.04

44.76

37.14

43.83

38.97

37.44

17.77

18.34

Volume
(liters)
26.69

26.31

26.52

22.88

23.32

21.55
21.69

9.87

10. 19

Net Dry (1)
Weight
(kg)

31 .07

32.43
41.72

34.33

36.17

33. 13

25.93

13.43

14.32

WL *
Solids
91.99

95.26

93.20

92.43

82.53

85.00

69.27

75.55

78.06

Bulk
Wet

(kg/cubic m)
1266

1294

1688

1623

1880

1808

1726

1800

1800

Density
Dry

(kg/cubic m)
1164

1232
1573

1500

1551
1537

1196

1360

1405

(1) The net dry weight is computed from an approximately 300 gram grab sample collected
from each of the test products for weight percent moisture analysis.

Hazen Research, Inc.
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Appendix B Project No.: 8074 o
Particle Size Analysis 1 Date: May-93 §

T——IO
Purpose: To determine the distribution of carcinogenic poly-aromatic hydrocarbons (c-PAH) in

the sample with regard to particle size.

Sample: Approximately 380 g of client-identified minus 4 inch plus 1 inch material from test runs
F and G (Material passed a 10 mesh screen after scrubbing at Hazen.)

Procedure: The screen fractions from Particle Size Analysis 1 were separated into the following
components: Minus 10 mesh plus 80 mesh; minus 80 mesh plus 200 mesh; and,
minus 200 mesh.

Results:
Analysis

Weight Weight c-PAH % Distribution
Product (g) (%) (ppm) (c-PAH)

Feed (computed) 373.4 100.0 5741 100.0

-10, + 80m
-80,+ 200m

-200m

143.6
76.3

153.5

38.5
20.4
41 . 1

8080
6150
3350

54.1
21.9
24.0

Hazen Research, Inc.
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(NAppendix B Project No.: 8074 §
Particle Size Analysis 2 Date: May-93 O

' O

Purpose: To determine the distribution of carcinogenic poly-aromatic hydrocarbons (c-PAH) in
the sample with regard to particle size.

Sample: Approximately 500 g of client-identified minus 1 inch plus 10 mesh material from test run
E (Material passed a 10 mesh screen after scrubbing at Hazen.)

Procedure: The screen fractions from Particle Size Analysis 2 were separated into the following
components: Minus 10 mesh plus 80 mesh; minus 80 mesh plus 200 mesh; and,
minus 200 mesh.

Results:
Analysis

Weight Weight c-PAH % Distribution
Product (g) (%) (ppm) (c-PAH)

Feed (computed) 490.3 100.0 125 100.0

-10, +80m 413.4 84.3 96 64.8
-80,+200m 42.9 8.7 119 8.3

-200m 34.0 6.9 483 26.8

Hazen Research, Inc.
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Appendix B Project No.: 8074 2
Partkle Size Analysis 3 Date: Jun-93 °

Purpose: To determine the distribution of carcinogenic poly-aromatic hydrocarbons (c-PAH) in
the sample with regard to particle size.

Sample: Approximately 600 g of client-identified minus 10 mesh SD material from test runs
F and G (Material passed a 10 mesh screen after scrubbing at Hazen.)

Procedure: The screen fractions from Particle Size Analysis 3 were separated into the following
components: Minus 10 mesh plus 80 mesh; minus 80 mesh phis 200 mesh; and,
minus 200 mesh.

Results:
Analysis

Weight Weight c-PAH % Distribution
Product (g) (%) (ppm) (c-PAH)

Feed (computed) 566.7 100.0 1174 100.0

-10, + 80m
-80, + 200m

-200m

323.9
70.3

172.5

57.2
12.4
30.4

1441
829
814

70.1
8.8
21 . 1

Hazen Research, Inc.
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ooAppendix B Project: 8074 ®
Particle Size Analysis 4 Computed Summary Date: Jul-93 O

Purpose: To evaluate the effectiveness of trommel scrubbing for the disaggregation and subsequent
separation of the creosote contaminated material from the soil/rock/sea shell matrix.

Sample: Approximately 65 kilograms of client-identified SD material (minus one-inch plus
ten mesh) from test runs F and G.

Procedure: The material was washed in a horizontal scrubber at 50% solids for one hour and then
screened at 10 mesh. A particle size analysis was conducted on the minus 10 mesh material,
screening at 80 and 200 mesh. Process products sampled for c-PAH analysis are indicated
in the results.

Results:
Analysis % Distribution

Weight Weight c-PAH Based on A
Product_______ (kg) (%) (ppm) (c-PAH)
Feed (computed) 63.50 100.0 1563 100.0
-r,+10m 57.63 90.7 1603 93.1
-10.+80m 3.36 5.3 1441 4.9
-80,+200m 0.73 1.1 829 0.6
-200m 1.79 2.8 814 1.5

Hazen Research, Inc.
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Appendix C Project No.: 8074 g
Heavy Medium Separation - Test 1 Date: May-93 OO

T-HO
Purpose: To evaluate the potential of heavy medium separation for producing material free

of creosote lumps.
Sample: Approximately 13 kilograms of plus 1 inch material from the original

client-identified plus one inch sample from test runs F and G.
Procedure: The client-identified plus 1 inch material was scrubbed for one hour and screened.

The minus 4 plus 1 inch fracdon was directed to heavy medium separation test work.
Specific gravities of the magnetite slurry medium were 2.0 and 2.2.

Results:
Analysis

Weight Weight c-PAH % Distribution
Product (g) (%) (ppm) (c-PAH)

Feed (computed) 13304 100.0 4772 100.0
-4,+l inch

2.2sink 6901 51.9 348 3.8
2.2>2.0floal 1873 14.1 1982 5.8
2.0float 4530 34.0 12665 90.4

Hazen Research, Inc.
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Appendix C
Heavy Medium Separation • Test 2

Project No.:
Date:

8074
May-93 ooo

Purpose:

Sample:

Procedure:

Results:

To evaluate the potential of heavy medium separation for producing material free
of creosote lumps.
Approximately 2 kilograms of minus 1 inch plus 10 mesh material from the original
client-identified plus one inch sample from test runs F and G.
The client-identified plus 1 inch material was scrubbed for one hour and screened.
The minus 1 inch plus 10 mesh fraction was directed to heavy medium separadon test work.
Specific gravities of the magnetite slurry medium were 2.0 and 2.2.

Product
Feed (computed)
-r,+10m

2.2sink
2.2>2.0float
2.0float

Weight
&1488.5

513.5
517.6
457.4

Weight
Analysis
c-PAH
(ppm)

% Distribution
(c-PAH)

100.0

34.5
34.8
30.7

3948

670
2319
9470

100.0

5.9
20.4
73.7

Hazen Research, Inc.
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Appendix C
Heavy Medium Separation • Test3

Project No.:
Date:

8074
May-93

Purpose:

Sample:

Procedure:

Results:

oooOO
To evaluate the potential of heavy medium separation for producing material free
of creosote lumps.
Approximately 4 kilograms of minius 1 inch plus 10 mesh material from the
client-identified SD (minus 1 inch plus 10 mesh) sample from test run E.
The client-identified SD material was scrubbed for one hour and screened at 10 mesh.
The minus 1 inch plus 10 mesh fraction was directed to heavy medium separation test work.
Specific gravities of the magnetite slurry medium were 2.0 and 2.2. Additional gravity
separation test work was conducted on the heavy medium 2.0 float product Approximately
750 grams of the 2.0 HMS float product were processed using water as the medium for
separation. The results of the water separation are presented below the magnetite test data.

Magnetite as medium

____Product
Feed (analyzed) (1)
Feed (computed)
-r,+10m

2.2sink
2.2>2.0float
2.0float

Water as medium
Feed (analyzed) (2)
Feed (computed)
-r,+10m

l.Osink
l.Ofloat

Weight Weight
(g) (%)

3836 100.0

Analysis
c-PAH
(ppm)

% Distribution
(c-PAH)

133.0
349.3
3354

3.5
9.1

87.4

735 100.0

617
119

83.9
16.1

744
1953

157
184

2209

2209
476

354
1 1 13

100.0

0.3
0.9

98.9

100.0

62.3
37.7

(1) Client-supplied analysis

Hazen Research, Inc.
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Appendix D
Spiral Test 1

Project No.:
Date:

8074
May-93 Oo

Purpose:
Sample:
Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to spiral concentrator testing.
Approximately 13 kilograms of MCD/SSD blended sample from test run E.
At steady state conditions, timed samples were taken. The samples were weighed, filtered,
dried, and weighed again. Process products were submitted for c-PAH analysis.

Spiral Identification:
Feed Rate:
Sample Time:
Feed Pulp Density:
Pump Setting:

LD-9
2.4 tons/hr.
5.0 seconds

24.5 % solids
55 Hz

Cutter Position Settings
Concentrate: 4.5
Middling: 7.375

Product
Feed (analyzed)
Feed (computed)

Solids
Rate

(Ib/hr)
4792

Solids

24.5

Weight

100.0

Analysis
c-PAH
(ppm)
445
288

% Distribution
(c-PAH)

100.0
Concentrate
Middlings
Tailings

4063
225
504

69.7
10.6
4.3

84.8
4.7
10.5

90
1234
1458

26.5
20.2
53.3

Hazen Research, Inc.
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Appendix D
Spiral Test 2

Purpose:
Sample:
Procedure:

Conditions:

Results:

Project No.:
Date:

8074
May-93

Oo
To evaluate the separation response of c-PAH contaminants to spiral concentrator testing.
Approximately 13 kilograms of MCD/SSD blended sample from test run E.
At steady state conditions, timed samples were taken. The samples were weighed, filtered,
dried, and weighed again. Process products were submitted for c-PAH analysis.

Spiral Identification:
Feed Rate:
Sample Time:
Feed Pulp Density:
Pump Setting:

LD-9
2.3 tons/hr.
6.5 seconds

25.5 % solids
55 Hz

Cutter Position Settings
Concentrate: 3.5
Middling: 6.75

Product
Feed (analyzed)
Feed (computed)

Solids
Rate

Ob/hr)
4687

Solids

25.5

Weight

100.0

Analysis
c-PAH
(ppm)
445
259

% Distribution
(c-PAH)

100.0
Concentrate
Middlings
Tailings

3621
563
503

71.1
24.3
4.6

77.3
12.0
10.7

54
286
1702

16.1
13.3
70.6

Hazen Research, Inc.
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Appendix D
Spiral Test 3

Purpose:
Sample:
Procedure:

Conditions:

Project No.:
Date:

8074
May-93

Results:

(N
T——Ioo

To evaluate the separation response of c-PAH contaminants to spiral concentrator testing.
Approximately 13 kilograms of MCD/SSD blended sample from test run E.
At steady state conditions, timed samples were taken. The samples were weighed, filtered,
dried, and weighed again. Process products were submitted for c-PAH analysis.

Spiral Identification:
Feed Rate:
Sample Time:
Feed Pulp Density:
Pump Setting:

LD-9
2.3 tons/hr.
6.8 seconds

25.2 % solids
55 Hz

Cutter Position Settings
Concentrate: 2.25
Middling: 4.5

Product
Feed (analyzed)
Feed (computed)

Solids
Rate

(Ib/hr)
4587

Solids

25.2

Weight

100.0

Analysis
c-PAH
(ppm)
445
180

% Distribution
(c-PAH)

100.0
Concentrate
Middlings
Tailings

2356
1607
624

71.0
52.1
5.3

51.4
35.0
13.6

32
75

1007
9.1
14.6
76.2

Hazen Research, Inc.
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Appendix E
Elutriation Test 1

Project No.:
Date:

8074
May-93

Oo

Purpose:

Sample:
Procedure:

Results:

To determine the distribution of carcinogenic poly-aromatic hydrocarbons (c-PAH) as
a function of flow rate of a rising column of water.
Approximately 1 lOOg of minus 1 plus 10 mesh (SD) material from test run E.
Overflows were collected at flow rates of zero,and seven and one-half liters per
minute into the elutriation column. The results indicate that the SD material either
floated in a static column of water or sank even at a high flow rate of 7.5 1/m.

Flow rates Weight Weight
(1/m) (g) %

Feed (computed) 831.6 100.0
Overflow
Overflow
Underflow

0.0
7.5

44.7
5.9

781. 1

5.4
0.7

93.9

Hazen Research, Inc.
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Appendix E Project No.: 8074
Elutriation Test 2 Date: May-93

Purpose: To determine the distribution of carcinogenic poly-aromatic hydrocarbons (c-PAH) as
a function of flow rate of a rising column of water.

Sample: Approximately 700 g client-identified SSD/MCD blended material from test run £.
The sample is 1: 1 mixture of SSD and MCD material with a size distribution of -10 to
+175 mesh.

Procedure: Overflows were collected at flow rates of two, four, five, and, seven and one-half liters
per minute into the elutriation column. The fractions were combined and classified as
less than 4 LPM float, less than 7.5 LPM float, and 7.5LPMsink products. Process products
were submitted for c-PAH anaylsis.

Results:
Analysis

O

Weight Weight c-PAH % Distribution
Products (g) (%) (ppm) (c-PAH)

Feed (analyzed) 445
Feed (computed) 606.1 83.6 118 100.0
-10,+175m

7.5LPMsink 440.8 72.7 70 43.0
7.5LPMfloat 66.1 10.9 143 13.2
4LPMfloat 99.2 16.4 317 43.8

Hazen Research, Inc.
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Appendix F
Flotation Test 1

Project No.:
Date:

8074
May-93

OO

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for from flotation.

Approximately 440 grams of client-indentified C1/C2 material from test run E.

The * 25% shiny was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from me three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min):
Reagents:
PulppH:

Impeller rpm:

0-5 5-15
None None
9.1 8.7

1500 1500

15-25
None
8.6

1500

Analysis

Product
Feed (analyzed) (1)
Feed (computed)

Weight
(g)

475.8

Weight
< »)

100.0

c-PAH
(ppm)
1420
616

% Distribution
(c-PAH)

100.0

Ro. Cone. 1
Ro. Cone. 2
Ro. Cone. 3

Rougher tailing

129.7
95.4
51 .6
199.1

27.3
20.1
10.8
41 .8

1550
698
278
57

68.5
22.7
4.9
3.9

(1) Client-supplied analysis

Hazen Research, Inc.
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Appendix F
Flotation Test 2

Project No.:
Date:

8074
May-93

ooi—iOO

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.

Approximately 440 grams of client-indentified C1/C2 material from test run E.

The * 25% slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minute*
and, 15 to 20 minutes. Concentrates from the three flotation periods, along with me tailings
material, were submitted for c-PAH analysis.

Time (min):
Si02/Na2(lb/ton):

PulppH: .
Impeller rpm:

Product
Feed (analyzed) (1)
Feed (computed)

Ro. Cone. 1
Ro. Cone. 2
Ro. Cone. 3

Rougher tailing

0-5
0.22
8.9

1500

Weight
(8)

436.8

121 .3
71 .3
18.8

225.4

5-15
0.22
8.8

1500

Weight
(*)

100.0

27.8
16.3
4.3
51 .6

15-20
0

8.8
1500

Analysis
c-PAH
(ppm)
1420
724

2170
406
68
101

% Distribution
(c-PAH)

100.0

83.2
9.2
0.4
7.2

(1) Client-supplied analysis

Hazen Research, Inc.
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Appendix F
Flotation Test 3

Project No.:
Date:

8074
May-93

oo

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for from flotation.

Approximately 440 grams of client-indentified C1/C2 material from test run E.

The "25% slurry was conditioned for five min»t*« prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minute*
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min):
Reagent:
Pulp pH:

Impeller rpm:

0-5
NaOH

10.2
1500

5-15

10.3
1500

15-25

10.3
1500

Analysis

Added as 10% solution for pH adjustment

Product
Feed (analyzed) (1)
Feed (computed)

Weight
(g)

436.0

Weight
(* >

100.0

c-PAH
(ppm)
1420
284

% Distribution
(c-PAH)

100.0

Ro. Cone. 1
Ro. Cone, 2
Ro. Cone. 3

Rougher tailing

1 12 .8 25.9
55.8 12.8
37.8 8.7

229.6 52.7

477
641
309
98

43.5
28.9
9.4
18.2

(1) Client-supplied analysis

Hazen Research, Inc.
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Appendix F
Flotation Test 4

Project No.:
Date:

8074
May-93

O<NOO

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotadon testing and
to establish a range of operating conditions for froth flotation.

Approximately 440 grams of client-indentified C1/C2 material from test run E.

The " 25% slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Added as 10% solution for pH adjustment
Time (min):
Reagent:
PulppH:

Impeller rpm:

0-5 5-15
Na2C03

10.2 10.2
1500 1500

15-25

10.1
1500

Weight
Product

Feed (analyzed) (1)
Feed (computed)

Weight
(8)

491.4 100.0

Analysis
c-PAH
(ppm)

% Distribution
(c-PAH)

1420
784 100.0

Ro. Cone. 1
Ro. Cone. 2
Ro. Cone. 3

Rougher tailing

137.8
62.0
41 . 1
250.5

28.0
12.6
8.4

51.0

2020
130
425
324

72.3
2.1
4.5
21.1

(1) Client-supplied analysis

Hazen Research, Inc.

010020



Appendix F
Flotation Test 5

Project No.:
Date:

8074
Jun-93 OO

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.
Approximately 1430 gram mixture of client-indentified SSD/MCD/C1/C2 material
from test runs F and G.
The ~ 50% solids slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailing;
material, were submitted for c-PAH analysis.

Time (mm):
Reagent:
PulppH:

Impeller rpm:

0-5
No
7.9

1500

5-15
reagents

8
1500

15-25
8

1500

Analysis
Product

Feed (analyzed)
Feed (computed)

Weight
(g)

1428.6

Weight
(%)

100.0

c-PAH
(ppm)
256
307

% Distribution
(c-PAH)

100.0
Ro.Conc. 1 101.5 7.1 982
Ro.Conc.2 141.2 9.9 851
Ro.Conc.3 106.8 7.5 516

Rougher tailing 1079.1 75.5 151

22.7
27.4
12.6
37.3

Hazen Research, Inc.
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Appendix F
Flotation Test 6

Project No.:
Date:

8074
Jun-93

CSOO

Purpose: To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.

Sample:

Procedure:

Conditions:

Results:

Approximately 800 gram mixture of clieni-indentified SSD/MCD/C1/C2 material
from test runs F and G.
The - 35% solids slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min):
Reagent:
PulppH:

Impeller rpm:

0-5 5-15
No reagents
7.9 7.95

1500 1500

15-25

8
1500

Analysis
Product

Feed (analyzed)
Feed (computed)

Weight

798.4

Weight
(%)

100.0

c-PAH
(ppm)
256
333

% Distribution
(c-PAH)

100.0
Ro. Cone. 1 137.8 17.3 1213 62.9
Ro.Conc.2 105.4 13.2 343 13.6
Ro.Conc.3 64.4 8.1 223 5.4

Rougher tailing 490.9 61.5 98 18.1

Hazen Research, Inc.

010022
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Appendix F
Flotation Test 7

Project No.:
Date:

8074
Jon-93

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.
Approximately 360 gram mixture of client-indentifled SSD/MCD/C1/C2 material
from test runs F and G.
The ~ 20% solids slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min):
Reagent:
PulppH:

Impeller rpm:

0-5
No
7.8

1500

5-15
reagents

7.9
1500

15-25
7.9

1500
Analysis

Product
Feed (analyzed)
Feed (computed)

Weight
(?)

355.9

Weight
(%)

100.0

c-PAH
(ppm)
256
312

% Distribution
(c-PAH)

100.0
Ro. Cone. 1 84.5 23.7 859 65.3
Ro.Conc.2 48.5 13.6 229 10.0
Ro.Conc. 3 24.1 6.8 ND(0) 0.0

Rougher tailing 198.8 55.9 138 24.8

Hazen Research, Inc.
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Appendix F
Flotation Test 8

Project No.:
Date:

8074
Jun-93

8o
Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.

Approximately 850 gram mixture of client-indentifled SSD/MCD/C1/C2 material
from test runs F and C (material screened at 80 mesh prior to flotation),

The * 40% solids slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minn^
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min):
Reagent:
PuippH:

Impeller rpm:

0-5
No

7.71
1500

5-15
reagents

7.87
1500

15-25

7.95
1500

Product
Feed (computed) (1)
Feed (computed)

Weight
(*)

Analysis
c-PAH % Distribution
(ppm) (c-PAH)

276
852.4 100.0 445 100.0

Ro. Cone. 1
Ro. Cone. 2
Ro. Cone. 3

Rougher tailing

209.3
103.2
76.2

463.7

24.6
12.1
8.9

54.4

1324
862
174

ND(0)

73.1
23.4
3.5
0.0

(1) Calculated value based on analytical results for minus 10 mesh blend and
the minus 10, plus 80 mesh screen product.

Hazen Research, Inc.
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Appendix F
Flotation Test 9

Project No.:
Date:

<N
8074

Juo-93

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate die separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.

Approximately 670 gram mixture of client-indentifted SSD/MCD/C1/C2 material
from test runs F and G (material screened at 80 mesh prior to flotation).

The * 30% solids slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min):
Reagent:
Pulp pH:

Impeller rpm:

Product
Feed (computed) (1)
Feed (computed)

Ro. Cone. 1
Ro. Cone. 2
Ro. Cone. 3

Rougher tailing

0-5
No

7.71
1500

Weight
(*)

669.5

195.3
79.1
90.6
304.5

5-15
reagents

7.85
1500

Weight
< *)

100.0

29.2
1 1 . 8
13.5
45.5

15-25

8.0
1500

Analysis
c-PAH
(ppm)

276
433

1308
390
38

ND(0)

% Distribution
(c-PAH)

100.0

88.2
10.6
1 .2
0.0

(1) Calculated value based on analytical results for minus 10 mesh blend and
the minus 10, plus 80 mesh screen product

Hazen Research, Inc.

010025



Appendix F
Flotation Test 10

Project No.:
Date:

8074
Jun-93

OO

Purpose:

Sample:

Procedure:

Conditions:

Results:

To evaluate the separation response of c-PAH contaminants to flotation testing and
to establish a range of operating conditions for froth flotation.

Approximately 400 gram mixture of client-indentified SSD/MCD/C1/C2 material
from test runs F and G (material screened at 80 mesh prior to flotation).

The " 2096 solids slurry was conditioned for five minutes prior to flotation. The total flotation
time was 25 minutes, divided into the following periods: 0 to 5 minutes; 5 to 15 minutes
and, 15 to 25 minutes. Concentrates from the three flotation periods, along with the tailings
material, were submitted for c-PAH analysis.

Time (min): 0-5
Reagent: No
Pulp pH: 7.7

Impeller rpm: 1500

Product
Feed (computed) (1)
Feed (computed) 399.4

Ro. Cone. 1 135.3
Ro. Cone. 2 64.4
Ro. Cone. 3 44.2

Rougher tailing 155.5

5-15
reagents

7.85
1500

Weight
(*)

100.0

33.9
16.1
1 1 . 1
38.9

15-25

7.89
1500

Analysis
c-PAH
(ppm)
276
332

910
122
40
121

% Distribution
(c-PAH)

114.2

92.7
5.9
1 .3

14.2

(1) Calculated value based on analytical results for minus 10 mesh blend and
the minus 10, plus 80 mesh screen product.

Hazen Research, Inc.

010026
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APPENDIX G

FLOCCULANT SCANS

Hazen Research, Inc.
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Appendix G
Flocculant Scan la, b, and c

Project No.:
Date:

8074
Jun-93

oo8o
Purpose:

Sample:

Procedure:

Results:

Evaluate performance of synthetic flocculants as sedimentation aids for flotation tailings
particles.
Approximately 250 mis of flotation tailings slurry (- 15% solids) from froth flotation of
client-indentified SSD/MCD/C1/C2 F and G mixture (material screened at 80 mesh prior
to flotation).
The tailings slurry was placed in 250 ml graduated cylinder and agitated for complete mixing.
Cyanimid SUPERFLOC 351 nonionic floculant was initially added at ~ 0.012 Ib per ton of
tailings material (-6 grams per tonne). The slurry was reagitated to ensure mixing of the
stable suspended particles with the floccuiant. Plotting the distance that the supemate/slurry
interface descended versus time yielded a settling rate curve. Another injection of 351 was
added to the slurry increasing the floccuiant dosage to - 0.024 Ib per ton. Again, interface
descent over time resulted in a settling rate. Finally, SUPERFLOC 340 canonic floccuiant
was added to the slurry at a dosage rate of 0 .012 Ib per ton to settle out suspended fines. All
three settling curves are presented below.

Supernate/Slurry Interface Descent vs Time
250

SF 351 & 340 @
0.024 & 0.012 Ib/ton
respectively

10
Time (minutes)

15 20

Total Suspended Solids:
(Floccuiation test Ic)

288 mg/liter

Hazen Research, Inc.

010028



Appendix G
Flocculant Scan 2a, b, c, and d

Project No.:
Date:

8074
Jun-93

Purpose:

Sample:

Procedure:

Results:

Evaluate performance of synthetic flocculants as sedimentation aids for flotation tailings
particles.
Approximately 250 mis of flotation tailings slurry (- 15% solids) from froth flotation of
client-indentified SSD/MCD/C1/C2 F and G mixture (material screened at 80 mesh prior
to flotation).
The tailings slurry was placed in 250 ml graduated cylinder and agitated for complete mixing.
Cyanimid SUPERFLOC 340 cationic floculant was initially added at - 0.012 Ib per ton of
tailings material (~6 grams per tonne). The slurry was reagitated to ensure mixing of the
stable suspended particles with the flocculant Plotting the distance that the supemate/slurry
interface descended versus time yielded a settling rate curve. Two additional injections of 340
were added to the slurry increasing the flocculant dosage to - 0.024 and 0.036 Ib per ton.
Again, interface descent over time resulted in a settling rate curve. Finally, SUPERFLOC 351
nonionic flocculant was added to the slurry at a dosage rate of 0.012 Ib per ton to settle out
suspended fines. All four settling curves are presented below.

Supernate/Slurry Interface Descent vs Time

SF 340 & 351
0.036 & 0.012 Ib per
ton, respectively

4 6
Time (minutes)

8 10

Total Suspended Solids:
(Flocculation test 2d)

380 mg/liter

Hazen Research, Inc.

010029



Appendix G
Ftocculant Scan 3a, b, c, and d

Project No.:
Date:

8074
Jun-93 oo

Purpose:

Sample:

Procedure:

Results:

Evaluate performance of synthetic flocculants as sedimentation aids for flotation tailings
particles.
Approximately 250 mis of flotation tailings slurry (- 15% solids) from froth flotation of
client-indentifled SSD/MCD/C1/C2 F and G mixture (material screened at 80 mesh prior
to flotation).
The tailings slurry was placed in 250 ml graduated cylinder and agitated for complete mixing.
Cyanimid SUPERFLOC 340 calionic and 351 nonionic floculants were each added at ~ 0.024 Ib
per ton of tailings material (-12 grams per tonne). The slurry was reagitated to ensure mixing of
the stable suspended particles with the flocculanL Plotting the distance that the supemate/slurry
interface descended versus time yielded a settling rate curve. Two injections of SUPERFLOC
355 were added to the slurry at - 0.012 and 0.024 Ib per ton. Again, interface descent over time
resulted in a settling rate curve. Two more increments of cationic flocculants 340 and 355 were
added to the slurry at dosage rates of 0 .024 Ib per ton to settle out suspended fines. All four
settling curves are presented below.

Supernate/Slurry Interface Descent vs Time
SF 340 & 351®
0.024 Ib/ton each
SF 340 & 351
0.024 Ib/ton-355
<90.012 Ib/ton
SF 340*351®
0.024 Ib/ton-355 <8>
0.036 Ib/ton
SF 340 9 0.048
Ib/ton - 351 ® 0.024
Ib/ton -355 9 0.060
Ib/ton

4 6
Time (minutes)

3 10

Total Suspended Solids:
(Flocculation test 3d)

320 mg/liter

Hazen Research, Inc.

010030



Appendix G
Flocculant Scan 4a, b, c, d, and f

Project No.:
Date:

8074
Jun-93

Purpose: Evaluate performance of synthetic flocculants as sedimentation aids for flotation tailings
particles.

Sample: Approximately 250 mis of flotation tailings slurry (- 15% solids) from froth flotation of
client-indentified SSD/MCD/C1/C2 F and G mixture (material screened at 80 mesh prior
to flotation).

Procedure: The tailings slurry was placed in 250 ml graduated cylinder and agitated for complete mixing.
Cyanimid SUPERFLOC 355 cationic floculant was initially added at ~ 0.036 Ib per ton of
tailings material (-18 grams per tonne). The slurry was reagitated to ensure mixing of the
stable suspended particles with the flocculant. Plotting the distance that the supernate/slurry
interface descended versus time yielded a settling rate curve. Two injections of 351 nonionk
flocculant were added to the slurry at dosage rates of - 0.024 Ib per ton each. Again, interface
descent over time resulted in a settling rate curve. Finally, SUPERFLOC 212 anionic flocculant
was added twice to the slurry at dosage rates of 0.024 Ib per ton each. All five settling curves
are presented below.

Results:

Supernate/Slurry Interface Descent vs Time
250 SF 355® 0.036 ItVton

SF35500.036 ItVWl
- 351 9 0.024 ItVTDn

SF 355 9 0.036IMOO-
• 351 9 0.048 Ib/KH

SF 355 9 0.036 Ib per
ton - 351 9 0.048
IMon--21290.024
itvun
SF 355» 0.036 IMon-
• 351 9 0.046 IMon -
212O0.048IMon

4 6
Time (minutes)

10

Total Suspended Solids:
(Flocculation test 4e)

66 nig/liter

Hazen Research, Inc.

010031
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APPENDIX H

RELATIVE DENSITY TESTS

Hazen Research, Inc.
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woe MO_OF_
>1DV>1tiCCD THRU* TCSTIHD

f-H Na.^^-0
^-mplad mmmimim

1 Cli.nt
By Tested ;r-«^-^

-L~r*C. .

By Z3*-
f.aration. ,_^2 .

Checked ^
"^7/3

- By .

co001— 1o

SAMPLE
DESCRIPTION

TEST
SPECIFICATIONS
A O1%1 ^ £/*> ̂ "StAblrl D W7/5
METHOD Jyku> i /n <AV\

I
1 5* * ^y f C'^^x*^ t*--i •

/)» 5"c)0 ' O**^* ^/<*"T*5.

MOISTURE
DETERMINATION

X • £ / / '

DENSITY
DETERMINATION

i
*-4NETROMETER

s«n men/ tt b& /4£*C>
Specific Gravity , ,
ft Passing 3/4" ,. ,
Compactionmethod (F,G)
Cylinder • cu. ft.
Rammer - Ib*.
Drop - inches
Layers
Blows per layer

DRV Tf lXAL *

DlA^ReMDr^ VefCK*^
M^UWOIVfr Arr/llKSr

A"
Ax/*-R*6* A"
rf«6Hr-AUiM^AH

y/oi.^e rt j

Wt. of soil fc tDold'
Wt. of mold only'
Net wt. of wet soil (D) t
Net wt. of dry soil (E) *
Ht. of sample - Calif. (G)
Dry Density, Ibs/cu ft (H)
Needle Size
Resistance Reading
Resistance, Ibs/sq in

%
D Proctor

1/20
5 1/2

18
3

25
/. #

ttO «S

/.0*> /-Off
A0«

5"- OP/

.W/*

/5^
7 . J ?

f .oy

?ro

Atier^,

^"

Sa

, Dep
Passin

th 01
g I/

,— . Standardu AASHO
1/30

5 1/2
12
3
25

•* f

r& ft ffrt

S3? T6*

&} /.OtZ

A^5'o5
f.o^
^ 0«^7<?

/6 ./5"
*7 ^? 0

45^:i4

^.^

tu,,...^

2
i.

t.ooD

implc
• Ele
4.1

> No.
vation _

p. Modified

1/30
10
18
5
25

X?

,»/ . *??

ton /o>3
/•oil

5. o*S
,C*^*

/6-2V
<?.8l

1.39-

Vt.1

tv,.T^^,*•*

L *

< /
B,//<

D Calif.
Variable

10
18
5

20 *
<

a oca e.oo*

. Tit , iW

loft Jo</</
} c3l

4". o7*f
•0?3/d

* . * *
7./f

^ .3^

/o< o

i s ^ ? • * PC.F

57P.M9I Then add piston and seat with 5 blows.
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PAGE NC

Sampled
Client,

By.

TCRR* TCSTIHD,«
"Inc..______ Location.

rooo
.Te sted f- By Checked . By,

SAMPLE
DESCRIPTION

TEST
SPECIFICATIONS
ASTW D *S3.J=><J
METHOD /ff.'tu/fiii/pn.

MOISTURE
DETERMINATION

it

DENSITY
DETERMINATION

PENETROMETER

sail n\c.n)55o£ f/e#o
9

Specific Gravity. .,_
% Paa fling 3/4" , „ ,
Compactionmethod (F, G)
Cylinder - cu.ft.
Rammer - Ibs.
Drop - inches
Laye rs
Blows per layer
Wt. of moisture added ml
Dish number
Wt. of soil b dish g

Dry wt. soil b dish g

Net loss of moisture (B)
O

Wt. of dish only
Net wt. of dry soil (A)

O

Moisture, % of dry wt. (C)
Wt. of soil b mold'
Wt. of oold only*
Net wt. of wet soil (D) '
Net wt. of dry soil (E) t
Ht. of sample - Calif. (G)
Dry Density, Ibs/cu ft (H)
Needle Size
Resistance Reading
Resistance, Ibs/sq in

%

D Proctor
1/20
5 1/2

18
3

25
Pry Tri<J

/•£!<7V
1.*f

$.00

tD.f

A

SJ
Dep

Passin
th 01
g I/

P. Standard

1/30
5 1/2

12
3
25

OprrvJ

It. If
i ̂ ^^^cS^^y

**7 S? *̂̂

-g&
g£r*»

Vli'riL;»\uv^v

•CVw. '•*

impl«
r Ele
4"

! NO.

vation _

P-, Modifiedu AASHO
1/30
10
18
5

25

5

/*,*/
7.*f

Zf .39-

<1 .?.

i j

3

?</'

+ t
Kolk

D Calif.
Variable

10
18
5

20 *
^T

/t.tt
7- 99

?.31

13.1

u* IZ.b per
* Then add piston a**- 1 (t»«» 5 blows.
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' ••:&*•••«»

.jV r»-mf f^TIMiii
J'.t-Vj

sssfp
' jL$-'-" 1^,_ k • *AS

8&TO

fSITY TEST
•4254 r

GBBa**(drs?JM'^M^Tfiks^
/ ,

: Client: :, Hazen Research, ..^
t\:,'y'- .̂'K,jn- t̂.>^KIiii._ î.:k/Jij*sai<^,l.ti;i IPlaiiProjec^rr^Sb^^

Soil: SSD/MCD F HEADlgiij
'- .x'--:^^^1^^g^ î̂ igBffl
-X

"v > : i : 'c 's ;.ftSn

Wt. soil * mold (Ibs) y l̂l6C25M-1^^?^ 16.36Xr3SSa^l3KlZ

Net Wt dry soil (Ibs)
Dry Density (Ibs/cu ft) 83 .5

Note

$r
K^^^^ l̂

AVERAGE MINIMUM DRY DENSITY = 8 4 . 6 Ibs/CU :ftj;

• • " - • : - : • • • • • ' • ' • • ; - ' - ;- : =,-^^v;-:; vc-i-Tij^l^ • * : • ' ' . ' ; • , 'Tested by: DAVID UDEY •'•'-?.'-.•'.•'•;.vVi*?^' ' . " : " '
ADVANCED TERRA TESTING, INC. ;J^

, ' • . : • • . ' • • ."/:• > vv^.'''\"-lt%';'S«!§s«.v-{>:.
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-''x^*',\>-y. -.- i"

QOcooo

•̂vM^NIRELATIVE DENSITY TESTT? •fs. •• • • ' . • • '

Client: Kazan Research/ Inc. ^v^^Date:;
^ :S:^^

Avg Diff. (in) ,; ̂

L, . . . R
0 .692 0 .796
....---- :*&$ftt

0.71 1 0 .694
,. . . .m^^o^x^^' • " • • ' • • - ' " ' s - - • - • ' - '0.663

Ht
Vol

Wt.
Wt.
Net
Dry

- Avg Diff. "(in)
. cu ft

- -;-. '&'i*jy_- .... .. :- _ •' '•'

soil & mold (Ibs)
mold (Ibs)^' -
Wt. dry soil (Ibs)
Density Ibs/cu ft

Note: 1 cycle «• 8 minsurcharge Wt. »base plate - 0.mold dimensions
. " ' ' • ',:: - • • • . . - - - . ; .

' . . ' ' " . '

.'.', — " ": '. :• • -.•-.
AVERAGE MAXIMUM

5 . 4 0 0
. 08836
; .". . - - ; ; - - • . ' . . '.

16 .25
7 . 9 0
8 .35
94 .5

. & 60 HZ
56 .5 Ibs

500"
- D - 6 .00"

- H - 6 . 11"
V « 0 . 100

: . - v - ' • • • "

DRY DENSITY -

• ; ,.5 '.416*^ :" : ' . i ̂iS^JK
.08862 j :V " : '."08914'^.m^

' ' >/-S-r-CB;':- " ' ' ' ' - • ' '--J^^^^fe
- . . , - - -('• ' ' : '-:•';. . . . • •'.' ..:"ir,;v.--.';.;
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APPENDIX I

MODEL BASIS FOR FLOWSHEET COMPARISONS

Hazen Research, Inc.
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Spiral Concentrator Performance for -10 + 200 mesh Material
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Froth Flotation Perfonnance for -200 mesh Material
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Froth Flotation Performance for -10 mesh Material <g> 35% Solids
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COLD-MIXED ASPHALT &AGGREGATE CONVEYOR
COARSE

AGGREGATE &
GRAVEL ROCK HOPPER /

CRUSHER (OPTIONAL)
EMULSIFIEDASPHALT

Flow diagram of a typical cold mix plant
FIGURE A

CMA PLANT FLOW DIAGRAM
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Appendix C
Recycling of Rock and Gravel

DAME? &. MOORE
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RECYCLING OF ROCK AND GRAVEL
FROM THE SOIL WASHING PROCESS

INTO A
COLD-MIXED BITUMINOUS PAVING MIXTURE

1.0 BACKGROUND
Beazer East, Inc. performed pilot soil washing tests in Houston on soils containing
constituents of concern (COCs), tars, and pitch. The soil washing process discharged
a rinsed coarse aggregate fraction (1" to 2-1/2" diameter) and a rinsed gravel fraction
(10 mesh to 1" diameter).
The rinsed coarse aggregate and gravel fractions included stones and oyster shells,
some coated with tars, as well as black, brittle pieces of pitch and balls of tar. The
viscous, adhesive, thick coating on the coarse aggregates and gravels can not be
removed by soil washing.
The coarse aggregate and gravel fractions were each estimated to constitute 10
percent by weight of the excavated material. For an excavated quantity of 10,000
tons, the anticipated weight of coarse aggregate and gravel is a total of 2,000 tons.

2.0 OBJECTIVE
The objective of this discussion is to describe how the rinsed coarse aggregate, gravel,
pitch and tar can be beneficially and safely recycled into a cold-mixed bituminous
paving mixture, or asphalt, which can be used to pave or cap selected areas at the site
after remediation. The type of process proposed is a small on-site batch plant which
will combine the rinsed rock and an emulsified asphalt into a cold-mixed paving
mixture. The cold-mixed asphalt (CMA) plant will combine the rock and bitumen using
a mix formula designed to produce an environmentally and structurally sound paving
base. Mix formula development and testing of the pavement to confirm satisfactory
characteristics will be conducted based on ASTM standards. TCLP testing of
compacted paving cores will be used to confirm the absence of hazardous
characteristics.

3.0 THEORY OF CMA RECYCLING
Asphalt is a naturally occurring bituminous material which can also be derived from the
separation of petroleum fractions. It contains aliphatic, mononuclear aromatic and
polynuclear aromatic hydrocarbons. There are two types of asphalt: asphalt cement
and liquid asphalt. Asphalt cement is the heaviest fraction and liquid asphalts are the
lighter fractions. The liquid asphalts are graded by viscosity, and may be produced by
dissolving asphalt cements in solvents or emulsifying cements in water.
In the cold-mixed asphalt process, aggregate and liquid asphalt are mixed to form the
paving material. Surfactants are used to emulsify the asphalt cement in water. The
asphalt particles are suspended in the liquid and separated from each other (and the
aggregate) by a film of water. During paving, pressure forces out the film of water.
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bringing the asphalt particles together and in contact with the aggregate. Anionic,
cationic and non-polar asphalt emulsions are available in a variety of viscosities and
cure times.
EPA's publication number EPA 600/R-92/096, "Potential Reuse of Petroleum-
Contaminated Soil: A Directory of Permitted Recycling Facilities" indicates that
considerable testing has been done on the environmental effects of asphalt paving
made with petroleum-impacted soil. The tests conclude that the soil can be combined
with the asphalt in such a way that it will not separate. The hydrocarbons contained
in the petroleum-impacted soils upon which the tests were conducted were found not
to damage the asphalt mixture. The lighter fractions act as a asphalt solvent. The
heavier fractions are chemically similar to the asphalt and do not negatively impact the
mix.
Applied Environmental Sciences (AES) Corporation, an asphalt recycling contractor,
recently completed a successful aggregate recycling program for a former coal
gasification site being remediated by the State of California. The impacted soils
contained PAHs of 10,000 to 15,000 ppm. The rock rejects contained PAHs on the
order of 8,000 ppm. The rock, consisting of stones ( + 2"), aggregate (-2" to + 200
mesh) and "fines" (-200 mesh), was made into a cold-mixed asphalt paving material.
The rock available at the site was separated by size, supplemented with 3/4" diameter
Class 2 aggregate, and then combined with water-based asphalt emulsions. The
resulting paving mixture had a Marshall Stability of 3,000 psi. The stability of an
asphalt paving is its ability to provide resistance to traffic load. In the "Asphalt Cold-
Mix Manual", the Asphalt Institute recommends a minimum of 2,224 psi stability as
a design parameter for CMA. AES has successfully performed similar work in
California, Arkansas, Texas and New Mexico, where PAH-impacted rock, gravel and
soils have been beneficially and safely recycled by incorporation into asphalt paving
mixtures.
The targeted soils at the South Cavalcade site are impacted with contaminants of
chemically similar composition to asphalt hydrocarbon fractions. These soil
contaminants include coal tar derived constituents, coal tar residuals and creosote oil,
and are similarly composed of aromatic hydrocarbons. It is anticipated, therefore, that
the use of the washed soils at the South Cavalcade site as asphalt aggregate would
meet with similar success.

4.0 CMA RECYCLING BENEFITS
There are several benefits associated with the on-site recycling of the rinsed rock
fractions into a paving mixture. Primarily, it is an environmentally safe alternative that
avoids the potential liability of disposal in a landfill. It also eliminates the cost and
potential liability associated with transportation of the waste to a landfill or other
disposal facility.

Another important benefit is associated with the overall cost. Other alternatives could
cost as much as $1 ,500 per ton, without producing any reusable product such as
paving or capping material. The recycling of rock into CMA is anticipated to cost $50

010052



oo
per ton and produces a valuable asphalt, which would have to be purchased elsewhere
and constructed with rock brought onto the site if not made from recycled materials.
The cold-mixed, cold-laid method of paving offers additional benefits. CMA processes
have the advantage over hot methods in that they do not generate significant odors
or fumes, and produce pavement with a higher stability than their hot-mixed
counterparts. The cold-mixed method is also a less expensive paving alternative
because the equipment used to heat and dry the aggregate is not required in the cold
process.

5.0 REGULATORY STATUS
The recycling of impacted soil and debris into asphalts, cements, bricks and other
beneficial construction materials is increasing in frequency. The USEPA recently
published a list of over 50 permitted recycling facilities located throughout the nation
which are permitted to recycle petroleum impacted soil. The majority of those firms
are engaged in the recycling of impacted soil into asphalt paving mixtures.
There are major efforts by both State and Federal authorities to encourage recycling
activities versus land disposal as a viable and economical alternative. The limits of our
land disposal capacity combined with the potential liability associated with land
disposal provide incentives for both the regulator and the responsible party to seek out,
and make feasible, safe and economical alternatives to landfilling.

STATE: From a State regulatory perspective, recycling is considered a preferred waste
management technique by Texas. The Texas Solid Waste Disposal Act (TSWDA) Sec
361 .023 (a) states that preference and lists recycling with the other preferred methods
of source reduction, reuse, and treatment to destroy or reduce hazardous
characteristics. In Sec. 361 .0234 (a), the TSWDA encourages applicants for solid
waste disposal permits to include recycling and recovery components where
appropriate. The TSWDA also grants preference to recycling over land disposal for
several classes of applicants (Sec. 36 1 .022 ) .

FEDERAL: The recycling of petroleum impacted soil into asphalt, cement and brick is
the subject of recent studies by the Superfund Demonstration Division of EPA. In a
paper published in June 1992 (EPA/600/R-92/096), EPA's Risk Reduction Engineering
Laboratory supports incorporation of impacted soil into asphalt as an environmentally
safe recycling method. Referring to data published by Karl Eklund in Incorporation of
Contaminated Soils into Bituminous Concrete. Petroleum Contaminated Soils, Vol.1,
Lewis Publishers, Chelsea, Ml, 1989 , the EPA researchers state:

"These tests confirm that the petroleum contamination in the soil is combined
with the asphalt in the emulsion to produce a mixture that will not separate."
and ". . . the incorporation of soils contaminated with petroleum products as
aggregate in a cold-mix-emulsion bituminous paving is an environmentally
benign method of recycling the contaminated soil."

CERCLA/RCRA: Based on the physical characteristics of the washed aggregate and
gravel, the wastes are not expected to be ignitable, corrosive, or reactive. In addition,
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the Asphalt Institute has collected samples of asphalt for testing by the Toxicity 2
Characteristic Leaching Procedure (TCLP). The asphalt passed the TCLP criteria, with °
few exceptions, and was not considered characteristically hazardous. TCLP testingof the CMA recycled materials will be conducted.
A recent EPA proposal to promote recycling of hazardous wastes into useful products
explains that recycling will not have to meet the "full requirements" of RCRA (see
September 10, 1993, Environmental Reporter, attached). The CMA recycled materials
will be subject to TCLP testing. If the CMA process is shown to effectively bind the
constituents of concern, then CMA should be considered an appropriate treatmentmethod for this waste.
6.0 COLD-MIXED, COLD-LAID BITUMINOUS PAVING MIXTURES
GENERAL: The typical cold-mix process equipment train is depicted in Figure A, "Flow
Diagram of Typical Cold Mix Plant." The diagram should be considered generic in
nature because a variety of equally suitable equipment types are available to carry out
cold-mixed construction. The actual equipment furnished will depend on the selection
of the CMA sub-contractor.
The cold mix plant typically consists of a mixer and feeders for delivering the asphalt,
aggregate and fillers to the mixer. In batch-type plants, mixing usually is accomplished
by a twin-shafted pugmill. Typically these plants operate in a batch mode and have
a minimum capacity of 2,000 LB. The correct amount of asphalt and aggregate,
generally determined by weight, are fed into the pugmill. The batch is then mixed and
discharged into a haul truck before another batch is produced. Equipment for heating
the asphalt is used, even in the cold mix plant, to maintain the viscosity required for
pouring. The plant is also generally equipped with a vibratory hopper or dump
conveyor for loading haul trucks.
SOUTH CAVALCADE BATCH PLANT: As shown on Figure 4, "Proposed Full Scale
Site Layout", the asphalt batch plant will be located to the north of the site,
immediately adjacent to the eastern Washed Soil Staging Area. The two rock
fractions, coarse aggregate (-2 1/2" , + 1/2") and gravel (- 1/2", + 10 rnesh), will be
transported separately to the batch plant area. There they will be weighed and fed into
the pugmill according to the ASTM-based mix formula. Then emulsified asphalt will
be added to the pugmill in the amount specified by the mix formula. The emulsified
asphalt will be kept at the proper viscosity for mixing by heating based on ASTM
standards, but at no time will it exceed 180 °F, the limit defined for emulsified
asphalts in ASTM D 4215 - 82.
The CMA batch plant equipment will be brought to the site on a trailer and off-loaded
into the proposed Asphalt Batch Plant (ABP) area. The equipment will be used to
produce an asphalt pad for approximately 1/1 Oth the ABP area, using commercial
aggregate brought onto the site. Then the pugmill and conveyors will be moved onto
the asphalted portion, and used to produce the asphalt to cover the remaining ABP
area. At that time the ABP will be ready to be begin the recycling of the rinsed rock
fraction from the adjacent soil washing facility into CMA for use in other areas of the
site.

DAMES &. MOORE
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separately within the ABP area, and will be blended at the pugmill to produce the
required aggregate mix size distribution. It may be necessary to use other aggregate
fillers in sizes not readily available at the site to achieve the proper mix size
distribution. As an alternative, crushing may be used to size or top-size on-site
materials. Different size classes will be stockpiled separately before weighing and
blending occurs at the pugmill.
The emulsified asphalt proposed for use at the site is a dispersion of asphalt cement
in water that contains a small amount of emulsifying agent. The emulsifying agent can
be selected to make the asphalt mixture negatively charged (anionic), positively
charged (cationic) or neutrally charged (non-polar). The emulsions are further classified
by the cure time or rate of setting. There are thirteen grades of medium and slow
setting viscosities commonly used which are specified in ASTM standards: ASTM D
977, Standard Specification for Emulsified Asphalt, and ASTM D 2397, Standard
Specification for Cationic Emulsified Asphalt.
The emulsion for use at the South Cavalcade site will be selected based on one of
these standards. The determination of cationic or anionic species will be made to
obtain the required coating ability and water resistance. Viscosity determination will
be based on the desired cure time. The asphalt product will be purchased from a local
paving contractor and brought onto the site in an asphalt tank truck. It will be
dispensed directly from the tanker into the pugmill or will be stored in a heated tank
and then pumped into the pugmill, according to the prescribed mix formula.
The estimated cost of mobilizing a CMA sub-contractor onto the South Cavalcade site
is $5,000. The cost of CMA processing is expected to be $50/ton. The available
washed aggregate quantity resulting from full scale soil washing operations is
estimated to be 1 ,600 to 2,000 tons. This will produce approximately 1 ,800 to
2,500 tons of CMA. The processing cost will be $90,000 to $125,000. Adding
$5,000 for demobilization, the CMA recycling is estimated to cost from $100,000 to
$135,000. This cost does not reflect the cost to prepare the surface, lay or compact
the resultant 48,000 square feet, 6-inch thick CMA produced. The amount of time
required to process the CMA will not be driven by the asphalt batch plant rate but by
the soil washing process rate, and CMA activities would be best implemented as the
soil washing task nears completion.

7.0 PROPOSED CMA USAGE AT THE SITE
The recycled rock is expected to produce approximately 48,000 square feet of 6-inch
thick pavement. The area to be paved will be graded to a predetermined contour. All
loose and foreign material will be removed. Holes and depressions will be filled with
asphalt-aggregate patching material. If necessary, a tack coat of emulsified asphalt
will be sprayed onto the area to be paved that day. The CMA mixture will be placed
with an asphalt paver or similar equipment to a nominal thickness of 6 inches and will
be compacted immediately after placement. Core samples of the compacted pavement
will be taken for TCLP analysis at a specified frequency. The area to be paved will be
determined during development of the RA Work Plan.
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Designation: D 977 - 91

Standard Specification forEmulsified Asphalt1

AMERICAN SOCIETY FOR TESTING AND MATERIALS1911 Rtt« St. Phtodclphia, PC 18103
.11 net l>t»d to tt» cunml Mm, wW appmi * tht r»« «j«on 0010oo

This standard is issued under the fixed designation O 977; the number immediately following the designation indicates the year of
original adaption or, in the ease of revision, the year of last revision. A number in parentheses indicates the year of last icapprovat. Asuperscript epsilon (<) indicates an editorial change since the last revision or reapproval.
This specification has hem approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for ihe specific year ofiuue which has been adopted by the Department of Defense.

1. Scope
1.1 This specification covers twelve grades of emulsified

asphalt for use in pavement construction in the mannerdesignated.
2. Referenced Documents

2.1 ASTM Standards:D 140 Practice for Sampling Bituminous Materials2
D 244 Test Methods for Emulsified Asphalts2

3. Requirements
3.1 The emulsified asphalt shall be tested within 14 days
1 This specification is under the jurisdiction of ASTM Committee CM on Road

and Paving Materials and is the direct responsibility or Subcommittee D04.41 onEmulsified Asphalt Specifications.
Current edition approved March II, 199 1 . Published May 1 9 9 1 . Originally

published as D 977 - 48 T. Last previous edition O 977 - 86.3 Annual Book of ASTM Standards, Vol 04.03.

of delivery. The emulsified asphalt shall be homogeneousafter thorough mixing provided separation has not beencaused by freezing. Emulsified asphalts separated by freezingshall not be tested.
3.2 Emulsified asphalt shall conform to the requirementsprescribed in Table 1.

4. Sampling
4.1 Samples of emulsified asphalt shall be taken in accord-ance with Practice D 140.4.2 Samples shall be stored in clean, airtight sealedcontainers as specified in Practice D 140 at a temperature of

not less than 40'F (4.5'C) until tested.
5. Test Methods

5.1 The properties of the emulsified asphalts given in
Table 1 shall be determined in accordance with TestMethods D 244.
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D977
TABLE 1 RtquirtmtnU for Emulslfitd Asphalt

Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Grade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Teats or) emuttUons:vlsoosrty, Saybolt Furol at 77'F (25'C). aVaooany. Saybolt Furol at 12TF (SO'O, aStorage stabtty teat, 24-h, x*DemvWbHty. 36 ml. 0.02 N Cad,. XCoating abflty end water resistance:Coating, dry aggregateCoating, altar apraytngCoating, wet aggregateCoating, anar •prayingCement mbdng teat, XSieve test, XA

Residue by ofetJaatton, XOil distillate by volume o* emulsion, XTests on residue from aistHlatan test:Penetration. 77'F (25'C), lOOg. 5 sDuctility. 77'F. (25*C), 5 em/min, cm
Solubility to trichloroethylene. XFloat teat. 140'F(60'C), s

Type
Grade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tests on emulsions:
Viscosity, Saybolt Furol at 77'F (25'C). s
Viscosity, Saybolt Furol at 122'F (50'C), sStorage stability test. 24-h. x*
DemuWbity, 35 ml, 0.02 N CaCI,. XCoating ability and water resistance:Coating, dry aggregateCoating, after sprayingCoating, wet aggregate

Coating, after sprayingCement mixing test, xSieve test, x'Residue by distillation, X
Oil distillate by volume of emulsion, xTests on residua from distillation test:
Penetration. 77'F (25'C). 100 g, 5 s
Ductility, 77'F, (25'C). 5 cm/mm, cmSolubility in thchloroetnytene, x
Float test. 140'F (60'C), s

RS-1
mil max

20 100. . . . . .1
60

'. '. '. 0.10
55

100 200
40
97.5 . . .

HFMS-1
min max

20 100
1

good
fair
fair
fair

0. 10
55

100 200
40
97.5 . . .
1200 . . .

Rapid-Setting
RS-2

min max
. . . . . .
75 400

1
60

0.10
63

100 200
40
97.5 . . .

Medium-Setting
HFMS-2

min max
100

1

good
fairfair
fair

0 . 10
65

100 200
40
97.5
1200 . . .

HFRS-2
min fftftx

75 400
1

60

'. '. '. 0.10
63

100 200
40
97.5 . . .
1200 . . .

HFMS-2H
min max
100

1

good
fair
fair
lair

0. 10
65

40 90
40
97.5
1200 . . .

MtdnjnvStttinQ
MS-1 MS-2 MS-2n

min max rrtn max min max
20 100 100 ... 100. . . . . . . . . . . . . . .

1 .. . 1 .. . 1. . . . . . . . . . . . . . .
good good goodfair fair fair
lair fair fair
fair fair fair

0.10 . . . 0.10 . . . 0.10
55 ... 65 ... 65

100 200 100 200 40 90
40 . . . 40 . . . 40
97.5 . . . 97.5 .. . 97.5

Slow-Setting
HFMS-2S SS-1 SS-1h

min max min max mm max
50 ... 20 100 20 100

1 . . . 1 . . . 1

good . . . . . .
fair
fair
fair

2 .0 . . . 2 .0
0.10 . . . 0 . 10 . . . 0 1 0

65 . . . 57 . . . 57
1 7
200 ... 100 200 40 90
40 ... 40 . . 40
97.5 . . . 97.5 . . . 97.5
1200 . . .

ON10oo

* This test requirement on representative samples is waived if successful application of me material has been achieved m tne field.

Trie American Society lor rethng and Materia/s takes no position respecting trie ve/idify of tny patent rights asserted in connectionwith any item mentioned In thit standard. Users of this standard are expressfy advised (net determination or tne vaMWy ol tny suchpatent rig/its, and trie risk or infringe/new of such rights, are entirety thtir own responsibility.
Trite standard is sub/eel to revision at any time by tne responsib/e technical committee and must be reviewed every five years andif not revised, tithtr rttpprmta or wltMrtwn. Your comments are invited eitfter for revision of this standard or for addition*/ standardsand thoutt be addressed to ASTM Headquarters, your comments will receive carefu/ consideration at a meeting of frw responsibletecnnica/ committee, which you may attend. H you Itti that your comments fiave not received e fair /waring you snoufd make your

vtows known to tne ASTM Committee on Standards, I9T6 flace St., Pn/fade/pnia, PA 19103.
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4ClM Designation: 0 3515 - 89
AMERICAN SOCIETY FOR TESTING AND MATERIALS1916 Rae* St.. PMIadMphi*, Pa. 19103RterrnM (torn ow Annual Beak el ASTM SlandaMs. C«pyngM ASTMif rat MM in M cumm comomed mam. MI* appear in th» mStandard Specification for

Hot-Mixed, Hot-Laid Bituminous Paving Mixtures1
This standard is issued under the rued designation D 3515: the number immediately foOowing the designation indicates the year oforiginal adoption or, in the caw of revision, the year of last revision. A number in parentheses indicates tae year of last reapproval Asuperscript epsiloa <«) indicates an editorial change since the last revision or ntpproval

1. Scope*
1.1 This specification covers hot-mixed, hot-laid asphalt,tar, emulsified asphalt, and recycled bituminous pavingmixtures for base, binder, leveling, and surface courses.1.2 The values stated in inch-pound units are to beregarded as the standard. The SI units in parentheses are for

information only.
1.3 This standard may involve hazardous materials, oper-ations, and equipment. This standard does not purport to

address all of the safety problems associated with its use. It isthe responsibility of the user of this standard to establishappropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.
2. Referenced Documents

2.1 ASTM Standards:
C 127 Test Method for Specific Gravity and Absorption of

Coarse Aggregate2

C 128 Test Method for Specific Gravity and Absorption of
Fine Aggregate2

C 136 Method for Sieve Analysis of Fine and Coarse
Aggregates2D 5 Test Method for Penetration of Bituminous Materials3

D75 Practice for Sampling Aggregates2D 140 Methods of Sampling Bituminous Materials3
D242 Specification for Mineral Filler for Bituminous

Paving Mixtures3
D448 Classification for Sizes of Aggregate for HighwayConstruction3

D490 Specification for Road Tar3
D546 Method for Sieve Analysis of Mineral Filler for

Road and Paving Materials3
D692 Specification for Coarse Aggregate for Bituminous

Paving Mixtures3D946 Specification for Penetration-Graded Asphalt Ce-
ment for Use in Pavement Construction3

D 977 Specification for Emulsified Asphalt3D 979 Methods of Sampling Bituminous Paving Mixtures3
D995 Specification for Requirements for Mixing Plantsfor Hot-Mixed, Hot-Laid Bituminous Paving Mixtures3

1 This specification is under the jurisdiction of ASTM Committee D-4 on Roadand Pivini Materials and is the direct responsibility of Subcommittee D04.23 on
Plant-Mix Bituminous Surfaces and Baits.Current edition approved Jan. 5, 1989. Published February 19(9. Originally
published as D 3515 - 76a. Last previous edition D35 I5 - 84.2 Annual Book of ASTM Standards. Vols 04.02 and 04.03.1 Annual Book of ASTM Standards. Vot 04.03.

D 1073 Specification for Fine Aggregate for BituminousPaving Mixtures3
D1856 Test Method for Recovery of Asphalt from Solu-tion by Abson Method3

D2171 Test Method for Viscosity of Asphalts by VacuumCapillary Viscometer3
D2172 Test Method for Quantitative Extraction of Bi-tumen from Bituminous Paving Mixtures3
D2489 Test Method for Degree of Particle Coating of

Bituminous-Aggregate Mixtures3
D3381 Specification for Viscosity-Graded Asphalt Ce-ment for Use in Pavement Construction3

D4318 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils4

D4552 Practice for Classifying Hot-Mix RecyclingAgents3

3. Terminology
3.1 Descriptions of Terms Specific to This Standard:
3 . 1 . 1 bitumen aggregate for recycling— bituminous pave-

ment or paving mixture removed from its original locationand reduced by suitable means to such particle size as may
be required for use in hot-mixed, hot-laid recycled bitumi-nous paving mixtures.

NOTE—AJtemative terminology may be used for bitumen aggregate
for recycling so long as the terms art defined or understood to refer tothe same material. Reclaimed asphalt pavement (RAP) that has been
removed from its original location and reduced in size as may be
required.

3.1 .2 hot-mixed, hot-laid paving mixtures—mixtures of
coarse and fine aggregate or fine aggregate alone, with orwithout mineral filler, uniformly mixed with asphalt, tar, oremulsified asphalt.

3.1 .3 hot-mixed, hot-laid recycled bituminous paving mix-tures—mixtures of bitumen aggregate for recycling with orwithout mineral aggregates and mineral filler, mixed at
elevated temperatures with or without additional bitumen.
4. Ordering Information

4.1 Orders for bituminous paving mixtures under this
specification shall include the following information:4. 1 . 1 Type of bitumen (asphalt cement, tar cement, emul-
sified asphalt),

4. 1 .2 Grade of bitumen,
4 Annual Book of ASTM Standards. Vol 04.08.

' A Summary of Changes section appears at the cad of this specification.
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4.1 .3 The composition of the bituminous paving mixture

(dense mixture, mix designation, and nominal maximum
size; open mixture, mix designation, and nominal maximum
size; open graded friction course mixture, mix designation,
and nominal maximum size),4 . 1 .4 The maximum percentage of bitumen aggregate forrecycling permitted in the mixture when limited, and

4. 1 .5 The percentage of crushed particles required in the
aggregate if different from that specified in Specification
D692.
5. Aggregates

5.1 The aggregates shall be crushed stone, crushed slag,crushed gravel, and natural or manufactured sand con-
forming to the quality and crushed particle requirements ofthe appropriate ASTM specifications as follows:

5 . 1 . 1 Coarse Aggregate—Specification D 692.5. 1 .2 Fine Aggregate—Specification D 1073.
NOTE 1—Other mineral aggregate!, such as uncrushed gravel,

crushed shell, and various synthetic aggregates, may be specified,
provided that local experience or tests have demonstrated their ability toproduce satisfactory bituminous paving mixtures.

5.2 Recommended grading requirements for coarse andfine aggregate may be selected from Specifications D 448 andD 1073, respectively. Other aggregate gradations may be
used, provided that the combined coarse and fine aggregates,and filler, when used, produce a mixture that conforms tothe requirements for grading of total aggregate prescribed in
Table 1.5.3 When hot-mixed, hot-laid recycled bituminous mix-
tures are produced, aggregates conforming to 5.1 may be
blended with the bitumen aggregate for recycling as neces-
sary to produce the result required by 5.2.
6. Mineral Filler

6.1 The mineral filler shall conform to Specification
D242.
7. Bitumen

7.1 When asphalt cement is used, it shall conform to
either Specification D 3381 or Specification D 946.

NOTE 2—The viscosity grade or the penetration grade to be useddepends on the type of construction, climatic conditions, and amountand nature of traffic. The required viscosity grade or penetration grade
should be specified.

7.2 When tar cement is used, it shall conform to Specifi-
cation D 490.

NOTE 3—The grade to be used shall be RT-10, RT-I I, or RT-12,
depending upon the type of construction, climatic conditions, and theamount and nature of traffic. The required grade should be specified.

7.3 When emulsified asphalt is used it shall conform to
Specification D 977, Grade HFMS-2h or MS-2h.7.4 When specifically approved by the purchaser, other
types of emulsified asphalt may be used, if experience has
shown that satisfactory performance will result7.5 When hot-mixed hot-laid recycled bituminous pavingmixtures are produced, bitumen conforming to Specification
D 946, D 977, or D 3381 or recycling agents with or without
bitumen conforming to Practice D 4552 shall be added to the
asphalt bitumen for recycling as necessary.

8. Composition of Bituminous Paving Mixtures
8.1 The mixture shall conform to one of the composition

by weight given in Table 1 or Table 2.
NOTE 4—The nominal top size aggregate (mix designation) selected

should be determined by the intended use, thickness of paving courses,
and desired texture.

8. 1 . 1 Compositions shown in Table 1 or Table 2 are based
on the use of fine and coarse igregates having approxi-
mately the same bulk specific gravities; grading of the total
aggregate, therefore, would be the same on either a weight or
bulk volume basis. If the bulk specific gravities of coarse andfine aggregates differ by more than 0.20, it may be necessary
to adjust the job mix aggregate grading slightly to account for
the differences in volume.

8.2 A job mixture shall be selected that comes within thespecification limits and that is suitable for the traffic, climaticconditions, and specific gravities of the aggregates used.Below the No. 8 (2.36-mm) sieve size, the job-mix formula
grading curve shall be reasonably parallel to the curves of thegrading limits as selected from Table 1.8.3 Any variation from the job-mix formula in the grad-ing of the aggregate, as shown by the sieve analyses of
materials in the plant (Note 5) or, any variation from the
job-mix formula in the bitumen content, as indicated by
extraction tests of the finished mixture, greater than the
percentage shown in Table 3, shall be investigated, and the
conditions causing such variation shall be corrected (Note 6).

NOTE 5—It is recognized that the extraction test is a generally
accepted and approved method for determining the composition of *
bituminous concrete mixture. However, due to the relatively wide d
ference in the bitumen content and aggregate gradation sometime*
found in individual samples of mixture taken from the same batch, as
shown by extraction tests, it is recommended that the extraction test
results on individual small samples be used as an indication of the mix
composition, and not as the sole basis for acceptance or rejection of the
product. Unless the mixing plant has automatic batching and recording
equipment, it may be necessary to determine both aggregate gradation
and bitumen content from extraction test samples.

NOTE 6—Application of tolerances may result in a gradation outside
the composition limits in Table 1 or Table 2. This will not be cause for
investigation.
9. Mixing Plant

9.1 The mixing plant shall conform to Specification
D 995. When emulsified asphalt is used, the pugmill shall be
adequately vented to allow for the escape of steam.
10. Mixing Plant Operation

10.1 Aggregate Storage—Aggregates furnished in different
sizes or from different sources shall be kept separate, and
adequate provision shall be made to keep them from
becoming mixed or otherwise contaminated. Stockpiles shall
be built and the materials removed therefrom in such a
manner as to minimize size segregation.

10.2 Old Bituminous Pavement—Bitumen aggregate for
recycling shall be reduced in size so that the maximum
aggregate particle size conforms with 8.1 and shall be kept
separate from aggregate stockpiles. Adequate provisions shall
be made to keep bitumen aggregate for recycling from beirt
mixed with aggregates or otherwise contaminated.

10.3 Preparation of Bitumen—The bitumen shall be
maintained at a temperature at which it can be properly

Oo
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J* TABLE 1 OO

SiavaSin Mte Daaignitlon and Nominal Martmum Stta of dgaaagata
2 In.(SO mm) IVkh.<37Jmm) im.(2S.Omm) %ito.(19.0mm) Vkto.(12.5 mm) %kto.(9.5mm)

No. 4(4.79mm)(Sand Aaphatt)
No. 8(2.36 nvn)

No. 16
(1.16mm)(Snaat Aapnalt)

Oradtog of TOW Aggregate (Coma •%• ftoa. PluB FMr i Haqulrad)Amountarinar Than Each Laboratory Slaw (Squaw Opaninrj). Wtfghtx
2"A to. (63-mm)2 to. (50«m)ivito. (37-S-mm)1ta.09.0«m)v* to. (19.0-mm)<A to. (12.5-mm)H to. (9.5^nm)
No. 4 (4.79-flim)No. 6 (2.36^nm)"
No. 16(1.16-mm)No. 30 (600-)*m)
No. 50(300itm)No. 100(150-»im)
No. 200 (7511m)*

10090 to 100
60 to 80
. . .35 to 65
17 to 47
10 to 38

3 to 15
. , ,
OttS

10090 to 100
. . .56 to 80
» • .
, . .
23 to 53
15 to 41
. . .
4 to 16
Oto6

> > .

10090 to 100
56 to 80
281099191045

5 to 17
1 U7

. . .

. . .
100
9010100
96 to 8039 to 86
23 to 49

5 to 19
2 t o8

100
90 to 100
44 to 74
28 to 58

5 to 21
2 (010

100
90 to 100 100
55W85 8010100
32 to 87 65 to 100

40 to 80
25 to 867 to 23 7to403 to 20

2 to 10 2 to 10

100
95 to 100
85 to 100
70 to 95
45 to 75
20 to 409 to 20

QpartMMurtM

SavaSoa ' """— ' """" -2 to. iVkto.(90 mm) (37.5 mm)

Mix Designation and Nominal Maximum Six* of Aggragata
1 in.

(25.0 mm)
V4to.

(19.0 mm)
'A to.(12.5 mm) Hta.(9.5mm)

No. 4(4.78 mm)(Sand Aaphatt)
No. 8(2.38mm)

No. 16(1.18mm)(Shaat Aaphatt)
and BMar Courtat Sortaoa and LavaUng Couraaa

2Vk to. (83-mm)2 to. (50-mm)
1 Vfc to. (37.5-mm)1 to. (25.0-mm)V« to. (19.0-mn)
'A to. (12.5-mm)H to. (9.9-mm)
No. 4 (4.75-mm)No. 8(2.36-mm)'4No. 16(1.18-mm)
No. 30 (600-tim)
No.50(300iim)
No. 100 (150tim)
No.200(7Siim)«

100
90 to 100
40 to 70
. . .
18 to 48
5 to 29
Oto 12
Oto 8

ioo90 to 100
40 to 70
18 to 486to29Oto 14
Oto 8

10090 to 100
40 to 70
10 to 34
1 to 17
Oto 10

100
9010100
40 to 70
15 to 39
2 to IB
Oto 10

100
85 to 100
60 to 90
201050
51025
3 to 19
Oto 10

100
85 to 100
40 to 70
10 to 35
5 to 25
Oto 12

. . .
. . .

ioo
75 to 100 ...
90 to 79 ...
28 to 93 ...

8 to 30 ...
0 to 12 ...
O t o5

Bituman. W*grtt % of Total Mixturac

2to7 3to8 3to9 4 M 10 4 to 11 5 to 12 8 to 12 7 to 12 8 to 12
Suggaatad Coana Aggragata Stoat

3 and 97 4 and 67or4 and 68
5 and 7

or57
67 or 88or6 and 8

7 or 78

* to conaidartog tha total grading charactartotfca of a bituminoul paving mixtura. tha amount patttog tha No. 8 (2.36-mm) ttova to a tlgnlfteant and eonvantonl AaMcontrol port bttwaan ftoa and eoarta aggragata. Qradtogt approaching tha maximum amount ptrmtnad to patt tha No. 8 atova wll ratUt to pavamant turfaott havingcompafatrvaly ftoa lartura. whUa ooarta gndfngt tpproaching iha minimum amount patting tha No. 8 liava w* ratutt to turtaoat w«n comparaMvaly coaraa lartura.• Tha malaria) patting tna No. 200 (75-nm) tit*t may ooratot of ftoa parteiat of tfwaggragatatv mtotraJ filar, v bom but trial bafraa of onjtriicinaiiar and otoypartUat. Tha bland of aggrvgiMt and fiar. vman taatad to aoco^anca v^ fanraojuvamant thai not apply whan ttia Mar matarlal to hydratad Ivna or hydraulc otmant.6 Tha quantity of Human to givan to tarmt of waight * of tha total mbrtura. Tha wida om^anoa to tha apac^ gravity of vartoM aggragvtaa. at v^ at a contidarabtodtfivranoa to abtorption. raauKt to a eernparatn^ wida rtnga to tha limw^appropriata laboratory tatttog or on Iha bat* of patt axpananca with aMtar mocturw. or C* a combination of both.

handled through the pumping system and uniformly distrib-
uted throughout the mixture. At no time during the proc-
essing, from storage to mixing, will temperature of the
bitumen be allowed to exceed the following:

Bitumen
A >̂iuh cement
Tar cementEmulsified asphalt

Tenipcnture
T "C

350 176.6
225 107J
180 «2J

10.4 Preparation and Handling of Mineral Aggregates—
Each size aggregate shall be separately fed by feeders to thecold elevator or elevators in proper proportion and at a rate
to permit correct and uniform temperature control of theheating and drying operation. The aggregate shall be driedand delivered to the mixer at a temperature such that the
mixture will be produced at a temperature within the range
suited to the bitumen used, as follows:
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TABLE 2 Composition of Open Graded Friction Court* Mixture*

NOTI—Mix Designation and Nominal Maximum Size of Aggregate

Sieve Size
TypaI Hh.(9.5mm) Typa B—VWa (12J&mm)

Percent Passing
¥• in. (19.0 mm)
'*+>. (12.5 mm)^Ts*Hn. (9.5 ntffl)
No. 4 (4.75 mm)
No. 6 (2.36 mm)4
No. 200 (75 urn)"

100 100
100 9010100
9019100 6010100
30 to 50 15 to 40

5 1 0 1 5 4 to 12
2to5 2 t o5

Bitumen. weignt * of total mixture0

5-6V4 4'*-«
Suggastad Aggragata Sizes (ram Specification

0448
8 and 9

or
89

7 and 89
or7 and 8

* in considering ma total gracing characteristics of ttw bituminous paving
mixtura. ttw amount passing tha 2.36-mm (No. 8) sieve Is a significant andconvanant fiatd control point batwaan Una and coarse aggragata. In open-gradedfriction counts mixtures, me amount passing ma No.^8 anal be limited to matrequired to provide a chocking of the coarsar panicles.• Tha matanal passing ttw No. 200 (75-nm) sieve may consist of fine parades
of tfw •QQfVQAtftai or rWatasOTaf ntar, or both but atfitf bv frM of CfQsWC frutur Andday particles. Tha bland of aggragataa and War, whan tasted in aooordanc* withTest Method D4318. itial have a plasticity Max of not greater than 4.except mat this ptaetmty raqunmant anal not apply whan ma filler matanal Ishydrated erne or hydraulic cement.0 The quantity of bitumen Is given m terms of weight * of the total mixture andis applicable to a variety of aggregates of conventional specific gravities,
approximately 2.50-2.80. Tha wide difference in me specific gravity of someaggregates, as wel as a considerable difference in absorption, may require
bitumen contents outside the range shown. The amount of bitumen required for agiven mixture should be determined by appropriate laboratory tasting or on me
basis of past experience with similar mixtures, or by a combinatnn ot bom.

TABLE 3 Tolerances from Job-Mix Formula
Sieve Size Tolerances, k

'/a in. (12.5 mm) and larger ± 6
Yi in. (9.5 mm) and No. 4 (4.75 mm) ± 7No. 6 (2.36 mm) and No. 16 (1 . 18 mm) ±6
No. 30 (600 urn) and No. 50 (300 urn) ±5
No. 200 (75 |im) ±3
Bitumen content, weight x of total mixture ± 0.5

Bitumen
Asphalt cement (conventional

mixes)Asphalt cement (open
friction mixes)

Tar cement
Emulsified asphalt

Temperature Range
T 'C

250 to 325 121 . 1 10162.7
220-260

175 to 225
220u>260

104.5-126.6
79.4 to 107.2

104.5 to 126.6
The temperature between those limits shall be regulated
according to the grade and viscosity characteristics of the
bitumen, ambient temperature, and workability of the mix-
ture. Aggregates in the hot bins shall not contain moisture to
such an extent as to cause the mixture to foam, slump, or
segregate during hauling and placing operations.

10.5 Preparation and Handling of Bitumen Aggregate for
Recycling—Bitumen aggregate for recycling shall be fed into
the plant in proper proportion at a location and rate to
permit correct and uniform temperature control of the
heating and drying operation. It shall be delivered to the
mixer at a temperature such that the mixture will be

Mix time, s

produced within the range specified in 10.4.
10.6 Preparation of Mixture—The proportions of the

components of the mixture, within the limits specified, shall
be regulated so as to produce a satisfactory mixture. The
sequence in which the several aggregates or the several ag-
gregates and asphalt aggregate for recycling shall be drawn or
weighed may vary under different conditions. The bitumen
shall be added in an evenly spread sheet over the length of
the mixer box in a batch plant, or shall be spread evenly
across the mixer box in a continuous mix plant.

10.6.1 The mixing shall be accomplished in the shortest
time that will produce a satisfactory mixture. Mixing time
shall be specified within the following limits, except that the
minimum may be determined as provided in 10.6.2 and the
maximum dry mixing time may be determined as provided
by 10.6.3:

10.6. 1 . 1 Batch Plants—Q to 10-s dry mixing followed by
25 to 50-s additional mixing after the addition of thebitumen.

10.6.1.2 Continuous Mix Plants—25 to 60 s based on thefollowing equation:
pugmill capacity, Ib (kg)
pugmill output, Ib/s (kg/s)

10.6.2 Minimum mixing time may be established on the
percentage of coated panicles as determined by Method
D 2489. The minimum values for percentage of coated
particles used to establish the minimum mixing time shall be
set by the engineer. These values will vary with aggregate
gradation, panicle shape, and surface texture, and with the
bitumen content and use for which the mix is intended.

10.6.3 When any component of the mixture except bi-
tumen is not heated in the dryer, the dry mixing period may
be extended as necessary so that the mixture will be pro-
duced at a uniform temperature within the range specified in10.4.

10.7 Mixing Plant Inspection—The engineer or his autho-
rized representatives shall have access at any time to all pans
of the mixing plant in order to ensure the manufacture of the
mixture in strict accordance with this specification. In order
that accurate and sufficiently large samples of aggregate may
be obtained from the hot aggregate bins, easy and safe access
shall be provided to the location on the plant where suchsamples may be taken.

10.8 Special Requirements for Asphalt Mix from Surge or
Storage Bins—Asphalt cement recovered from the mix shall
comply with Alternative I or 2 as follows:

Alternative 1for Penetration Graded Asphalt Cement, Specification D 946
Grade

200-300
120-150
83-100
60-70
40-50

Penetration Equal to or More Than
74
50
40
31
22

Alternative 2
for Viscosity Graded Asphalt Cement. Specification D 3381

Grade Viscosity 140T(60*O. P Equal to or Les Than
AC-2.5 and AR-1000
AC-5 and AR-2000
AC-10 and AR-4000
AC-20 and AR-8000
AC-40 and AR-16000

1250
2500
5000

10000
20000
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Samples for these tests shall be taken from trucks loadedfrom the bin. The addition of solvent according to proce-

dures of Test Method D 2172 shall be started within 4 h of
sampling or the samples shall be placed in a cold storagefacility and maintained at 32*F (0*C) or lower until testing isstarted. Where delivery to cold storage will take more than 4h, one of the following procedures shall be used:(a) Chill the samples by placing in plastic coolers con-
taining dry ice. Maintain dry ice in coolers during delivery to
the laboratory.

(b) Place the sample in a gallon can containing dry ice.
Cap the can immediately with a lid that has a pinhole in it.
When pressure buildup ceases, solder the pinhole. Keep the
can tight during delivery to laboratory.10.8. 1 The following storage times will be permitted until
the results of tests on the recovered asphalt are available. Thetimes may be increased or decreased on the basis of the test
results.

Untreated asphalt, air in bin
Treated asphaltc air in bin; untreated
asphalt, inert gas in bin
Treated asphaltc inert gat in bin

Time, h
Fine Mix'

12
36

Coarse MU'
6

18
72

* Dense Mixtures: V« in.. '/J in., Vi in.. No. 4, and No. 16.
* Dense Mixtures: 2 in., 1 '/> in., and I in.c Treated with Dow-Coming Fluid DC-200 at rate of approximately I oz (30

cm5)/5000 gal ( 18 .93 m1) of asphalt.
NOTE 9—An arbitrary separation point has been made above, based

on ASTM Composition Requirements for Dense Mixtures, between the
coarse and fine mixes. It has been observed that the coarser mixes un-
dergo a faster rate of hardening when stored due to a higher volume of
voids in those mixes. In addition, "open mixtures" generally hardenfaster than "dense mixtures" and, therefore, the storage time limits given
above for coarse mixes should also be used for "open mixtures." The

arbitrary separation point should be adjusted as data on percent airvoids of laboratory compacted specimens become available. A value of
10% air void content is suggested as an arbitrary separation point
between coarse and Tine mixes, with coarse mixes having an air voidcontent above 10 % and fine mixes having an air void content less than10%. This value is arbitrary and may also require adjustment asadditional mix design data become* available.
11. Methods of Sampling and Testing

1 1 . 1 Sample all material and determine the properties
enumerated in this specification in accordance with thefollowing ASTM standards:

1 1 . 1 . 1 Sampling Mineral Aggregates—Practice D 75.
1 1 . 1 .2 Sampling Bituminous Mixtures—Methods D 979.

, 1 1 . 1 . 3 Sieve Analysis of Aggregates—Method C 136.
1 1 . 1 .4 Sieve Analysis of Mineral Filler—Test Method

D546.
1 1 . 1 . 5 Determination of Bitumen Content—Test Method

D2172. Determine the tar content in accordance with
explanatory note appended to Test Method D 2172.

1 1 . 1 . 6 Sampling Bituminous Materials—Methods D 140.
1 1 . 1 . 7 Specific Gravity of Coarse Aggregate—Method

C 127 .
1 1 . 1 . 8 Specific Gravity of Fine Aggregate—Test Method

C 128 .
1 1 . 1 . 9 Plasticity Index—Test Method D 4318.
1 1 . 1 . 1 0 Percentage of Coated Particles—Test Method

D 2489.
1 1 . 1 . 1 1 Recovery of Extracted Asphalt—Test Method

D1856 .
1 1 . 1 . 1 2 Penetration of Recovery Asphalt—Test Method

D5 .
1 1 . 1 . 1 3 Air Voids—Test Method D 3203.
1 1 . 1 . 1 4 Absolute Viscosity of Asphalts— Test Method

D 2 1 7 1 .

3OO

SUMMARY OF CHANGES

This section identifies the location of changes to this
specification that have been incorporated since the last issue.
Committee D-4 has highlighted those changes that affect the
technical interpretation or use of this specification.

(1) A note was added to the Terminology Section,
(2) The term asphalt was changed to bitumen in Sections

1,3,5,1, and 10, and,
(3) Sections 3, 4, and 5 were revised.

Tr»AmsrlcsnSoci«y tor Tsstiwsraumsrislltskss no position rsspsctlrvtrmvsJW»ith sny itsm /rwntKxwd in this stsrtdsnt. Ussrs of thi» stsnOsrt trt sxprsssly •OYIMC? thst dstsrmlnsoon of (ft* v«/«My of sny such
pstsr* rights, sna th* risk of inthngsmsnt at such rights, sn saOrsty (Mr own rssponsibWly.

This stsndsrd is suoisct to revision si sny tins by ths retpontfeto tsehntctl cammMt* sna mat b» rsvitwsa svsry five yssrs snaH not revised, ttthsr rsspprovso' or wttnarswn. Your commsnti sn inv«*d sHrtsr lor rsviston ot this standard or for taaitionsl stsnOsrOssna should as- sadrssssd to ASTU Hssdqusrtsrs. Your oommsnts will rscstos cartful considtrstion st s mssOng of ths nsponsibtttechnics! co/nm/rM, which you rrmy attend. Hyoufssl thst your commtnts hsvs not rscstvsit • fsir htsrtng you should msk» your
v*ws known to ths ASTU Comma* on Stsndsrds. 1910 Rsos St.. PhilsoVphis. PA 19103.
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Standard Specification forCold-Mixed, Cold-Laid Bituminous Paving Mixture1

Thii standard it issued under the fixed designation D 4215; the number immediately fallowing the designation indicate! the year oforiginal adoption or, in the ease of revision, the year of last revision. A number in paitBtaeses indicates the year of Ust reapproval. A
superscript epsilon (<) indicates an editorial change since the Ust revision or reapproval.

IOvo

1. Scope
1.1 This specification covers cold-mixed, cold-laid and

recycled cold-mixed, cold-laid bituminous paving mixturesfor base, binder, leveling, and surface courses.
2. Referenced Documents

2.1 ASTM Standards:
C 127 Test Method for Specific Gravity and Absorption of

Coarse Aggregate2

C 128 Test Method for Specific Gravity and Absorption of
Fine Aggregate2

C 136 Method for Sieve Analysis of Fine and Coarse
Aggregates2D75 Practice for Sampling Aggregates3D140 Methods of Sampling Bituminous Materials3

D242 Specification for Mineral Filler for Bituminous Pav-
ing Mixtures3D448 Classification for Sizes of Aggregate for Road and
Bridge Construction3

D490 Specification for Road Tar3
D 546 Method for Sieve Analysis of Mineral Filler for Road

and Paving Materials3
D692 Specification for Coarse Aggregate for Bituminous

Paving Mixtures3D977 Specification for Emulsified Asphalt3
D979 Methods for Sampling Bituminous Paving Mixtures3D1073 Specification for Fine Aggregate for Bituminous

Paving Mixtures3D2026 Specification for Cutback Asphalt (Slow-Curing
Type)3D2027 Specification for Cutback Asphalt (Medium-CuringType)3D2028 Specification for Cutback Asphalt (Rapid-CuringType)3

D2172 Test Methods for Quantitative Extraction of Bitu-
men from Bituminous Paving Mixtures3D2397 Specification for Cationic Emulsified Asphalt3

D2399 Practice for Selection of Cutback Asphalts3D2489 Test Method for Degree of Panicle Coating of
Bituminous-Aggregate Mixtures3D2728 Practice for Paving Uses and Application Temper-
atures for Road Tars3D35 15 Specification for Hot-Mixed, Hot-Laid Bituminous

' This specification is under the jurisdiction of ASTM Committee D-4 on Road
and Paving Materials and is the direct responsibility of Subcommittee D04.23 onPlant-Mix Bituminous Surfaces and Bases.

Current edition approved Oct. 30, 1987. Published December 1987. Originally
published as D 4215 - 82. Last previous edition D4215 - 82.1 Annual Book of ASTM Standards. Vol 04.02.1 Annual Book of ASTM Standards, Vol 04.03.

Paving Mixtures3
D3628 Practice for Selection and Use of Emulsified

Asphalts1
D4318 Test Method for Liquid Limit, Plastic Limit, and

Plasticity Index of Soils4

3. Description of Term Specific to this Standard
3.1 cold-mixed, cold-laid bituminous paving mixtures—

mixtures of coarse and fine aggregates, or coarse or fine
aggregate alone, with or without mineral filler, uniformly
mixed and laid at or near ambient temperature.

3.2 cold-mixed, cold-laid recycled bituminous paving mix-
tures—mixtures of bitumen aggregate for recycling with ad-
ditional mineral aggregate as necessary, with or without min-
eral filler, mixed at or near ambient temperatures with addi-
tional bitumen.

3.3 bitumen-aggregate for recycling—bituminous pave-
ment or paving mixture removed from its original location
and reduced by suitable means, after removal or in place, tosuch panicle size as may be required for use in cold-mixed,cold-laid recycled bituminous paving mixtures.
4. Ordering Information

4.1 Orders for cold bituminous paving mixtures under this
specification shall include the following information:

4 . 1 . 1 Type of bitumen (emulsified asphalt, cutback as-
phalt, or tar),

4 . 1 . 2 Grade of bitumen.
4 . 1 .3 The composition of the bituminous paving mixture

(dense mixture, mix designation, and nominal maximum
size; open mixture, mix designation, and nominal maximum
size; open graded friction course mixture, mix designation,
and nominal maximum size),

4. 1 .4 The maximum percentage of bitumen aggregate for
recycling permitted in the mixture, and

4. 1 .5 The percentage of crushed panicles required in the
aggregate if different from that specified in 5.2.
5. Aggregates

5.1 The aggregates shall be crushed stone, crushed slag,
crushed gravel, or sand conforming to the quality requirementof the appropriate ASTM specifications as follows:5 . 1 . 1 Coarse Aggregate—Specification D 692.

5 . 1 .2 Fine Aggregate—Specification D 1073.
NOTE I—Other mineral aggregates, such as uncrusbed travel andcrushed shell, may be specified, provided that local experience or testshave demonstrated their ability to produce satisfactory bituminous pav-ing mixtures.

' Annual Book of ASTM Standards, Vol 04.08.
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«8» D4215
5.2 The aggregates for open-graded friction course mixturedescribed in Table 2 of Specification D 3515 shall meet allthe requirements of 5.1 with the added requirement that (1)the coarse panicles, retained on the No. 4 sieve, be crushedso that at least 90 weight percent have one or more fracturedfaces and 75 weight percent have two or more fractured faces,and (2) the coarse aggregate, or if a blend is used, the coarsestfraction be of a type known to possess adequate resistance tothe polishing action of the anticipated traffic.5.3 Recommended grading requirements for coarse andfine aggregate may be selected from Qassification D 448 andSpecification D 1073, respectively. Other aggregate gradationsmay be used, provided that the combined coarse and fineaggregates, and filler, when used, produce a mixture thatconforms to the requirements for grading of total aggregateas described in Table 1 of Specification D 3515 .5.4 When cold-mixed, cold-laid recycled mixtures are pro-duced, aggregates conforming to 5.1 may be blended with thebitumen aggregate for recycling as necessary to produce theresults required by 5.3.

6. Mineral Filler
6.1 The mineral filler shall conform to Specification

D242.
7. Bitumen

NOTE 2—Practices D 2399, D 2728, and D 3628 provide guidancein selecting types and grades of bitumen.
7.1 When cutback asphalt is used it shall conform to

Specifications D 2026, D 2027, or D 2028.7.2 When emulsified asphalt is used it shall conform to
Specifications D 977 or D 2397.7.3 When tar is used it shall conform to Specification
D490.7.4 When cold-mixed, cold-laid recycled mixtures are pro-
duced, bitumen conforming to 7.1 or 7.2 shall be added tothe bitumen aggregate for recycling as necessary.

NOTE 3—Various bituminous modifiers or recycling agents have beenused on a number of cold-mixed, cold-laid recycled bituminous pavingprojects. Specifications for these materials are being developed.
8. Composition of Bituminous Paving Mixtures

8.1 The mixture shall conform to one of the compositionsby weight given in Table 1 of Specification D 3515.
NOTE 4—The nominal top size aggregate (mix designation) selectedshould be determined by the intended use, thickness of paving courses,and desired texture. The required mix should be specified.
8. 1 . 1 Compositions shown in Table 1 of SpecificationD 35 15 are based on the use of fine and coarse aggregateshaving approximately the same bulk specific gravities; gradingof the total aggregate, therefore, would be the same on eithera weight or bulk volume basis. If the bulk specific gravities ofcoarse and fine aggregates differ greatly, it may be desirableto change the grading limitations to compensate for these

differences.8.2 A job mix formula shall be selected that comes withinthe specification limits and that is suitable for the traffic,climatic conditions, and specific gravities of the aggregatesused. Below the No. 8 (2.36-mm) sieve size, the job-mix
formula grading curve shall be reasonably parallel to the

curves of the grading limits as selected from Table 1 of

Specification D 35 IS.
8.3 Any variation from the job-mix formula in the grading

of the aggregate, as shown by the sieve analyses of materials(Note 5) or, any variation from the job-mix formula in the
bitumen content, as indicated by extraction tests of the fin-
ished mixture (Note 6) greater than the tolerances shown inTable 3 of Specification D35 15 , shall be investigated, and
the conditions causing such variation shall be corrected (Note

NOTE 5— It is recognized that the extraction test is a generally accepted
and approved method for determining the composition of a bituminousmixture. However, due to the relatively wide difference in the bitumen
content and aggregate gradation sometimes found in individual samplesof mixture taken from the same lot, as shown by extraction tests, it isrecommended that the extraction test results on individual small samples
be used as an indication of the mix composition, and not as the solebasis for acceptance or rejection of the product. It may be necessary to
determine both aggregate gradation and bitumen content from extractiontests samples.

NOTE 6 — Cold mixtures require special preparation in the form of
curing prior to performing the extraction test. One recommended curingprocedure is to place the mixture to be extracted into a suitably large
metal pan with a large spoon such that the mixture, in a loose state, isfrom I to 1 '/: in. (25 to 38 mm) in depth. Place the mixture, pan, and
spoon in an oven, conforming to Specification E 145, Type IB, the
temperature of which has been adjusted to 250 + 5'F ( 121 + 3'C), for 3h. At the end of each hour remove the pan and stir the mixture thoroughly
for 1 min. Replace in the oven, except after the third hourly stirring,
allow to cool to room temperature. The extraction test is then performed
on this cured mixture. (Other curing procedures may be used providedlocal experience demonstrates their ability to prepare mixtures prope1

for the extraction test.)
NOTE 7— Application of tolerances may result in a gradation outside

the composition limits in Table I of Specification D 3515. This will not
be cause for investigation.
9. Mixing Equipment

9. 1 The equipment for mixing shall be one of the following:
9 . 1 . 1 Central Plant — Batch, continuous, or drum mixer.9.1 .2 Travel Plant, with own bituminous spray system or

with separate distributor.
9. 1 .3 Grader or Drag, with separate distributor.

10. Mixing Operation
1 0. 1 Aggregate Storage — Aggregates furnished in differentsizes or from different sources shall be kept separate, andadequate provisions shall be made to keep them from becom-ing mixed or otherwise contaminated. Prcblending of aggre-gates for travel plants and road mixing is permissible so longas grading requirements are maintained. Stockpiles shall bebuilt and the materials removed therefrom in such a manneras to minimize size segregation. "10.2 Old Bituminous Pavement — Bitumen aggregate for

recycling shall be reduced in size as may be required. Ade-quate provisions shall be made to keep bitumen aggregate for
recycling from being mixed with aggregates or otherwise
contaminated.10.3 Preparation of Bitumen — The bitumen shall be main-tained at a temperature at which h can be property handle**through the pumping system and uniformly distributthroughout the mixture. At no time will the temperature o.
the bitumen be allowed to exceed the following:

vovooo
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Bitumen
Cutback asphaltEmuIafwdMphakRoad tar

Temperature
T 'C

250
ISO
225

121
S2

107

NOTE 8—The flash point of some grades of cutback asphalt is below
250'F; therefore, caution must be used when applying heat to cutbacks.

10.4 Preparation and Handling of Mineral Aggregates-Each aggregate shall be separately fed by feeders, except in
the case of preblended aggregates where only one feeder isrequired, in proper uniform proportion to produce a satisfac-
tory mixture within the limits specified. In the case of roadmixing a known uniform volume or weight of a single aggre-
gate, several aggregates, or preblended aggregate shall be
windrowed or otherwise placed on the road or mixing area.10.5 Preparation and Handling of Bitumen Aggregate forRecycling— Bitumen aggregate for recycling shall be sepa-rately fed by a feeder, except in the case of preblendedaggregates where only one feeder is required, in proper uni-form proportions to produce a satisfactory mixture withinthe limits specified. In the case of road mixing, a knownvolume or weight shall be windrowed or otherwise placed on
the road or mixing area.10.6 Preparation of Mixture—The proportions of the com-
ponents of the mixture, within the limits specified, shall be
regulated so as to produce a satisfactory mixture. The se-
quence in which the bituminous material is proportioned
with the aggregate, aggregate and bitumen aggregate for re-
cycling, or bitumen aggregate for recycling may vary under
different mixing procedures.

10 .6 . 1 The mixing shall be accomplished in the shortest
time that will produce a satisfactory mixture.

D4215
- 10.6.2 Minimum mixing time may be established on thebest coating obtainable or percentage of coated particles asdetermined by Test Method D 2489. These values will varywith aggregate gradation, particle shape, and surface texture,and with the type of bitumen, bitumen content, and use forwhich the mix is intended.

NOTE 9—All the coarse particles may not be coated, particularly indense graded mixtures.
10.7 Mixing Plant Inspection—The engineer or his au-

thorized representatives shall have access at any time to allparts of the mixing plant in order to ensure the manufacture
of the mixture in strict accordance with this specification.
11. Methods of Sampling and Testing

1 1 . 1 Sample all material and determine the properties
enumerated in this specification in accordance with the fol-
lowing ASTM standards:

1 1 . 1 . 1 Sampling Mineral Aggregates—Practice D 75.
1 1 . 1 . 2 Sampling Bituminous Mixtures—Methods D 979.
1 1 . 1 . 3 Sieve Analysis of Aggregates—Method C 136.
1 1 . 1 . 4 Sieve Analysis of Mineral Filler—Method D 546.
1 1 . 1 . 5 Determination of Bitumen Content—Test Methods

D 2172. Determine the tar content in accordance with ex-
planatory note appended to Test Methods D 2 172 .

1 1 . 1 . 6 Sampling Bituminous Materials—Methods D 140.
1 1 . 1 . 7 Specific Gravity of Coarse Aggregate—Test Method

C 1 2 7 .
1 1 . 1 . 8 Specific Graviiv of Fine Aggregate—Test Method

C 1 2 8 .
1 1 . 1 . 9 Plasticity Index—Test Method D 4 3 1 8 .
1 1 . ! . 10 Percentage of Coated Particles—Test Method

D 2489.

oo

The American Society lor Testing and Materials takes no position respecting the validity ol any patent rights asserted in connection
with any item mentioned in this standard. Users ol this standard are expressly advised that determination ol the validity ol any such
patent rights, and the risk ol infringement ol such rights, are entirely their own responsibility.

This standard is suoiect to revision at any time oy the responsiole technical committee and must be reviewed every live years and
il not revised, either reapproved or withdrawn. Your comments are invited either lor revision ol this standard or tor additional standardsand should oe addressed to ASTM Headquarter*. Your comments will receive careful consideration at a meeting ol the responsioletechnical committee, which you may attend. H you leel that your comments have not received a lair hearing you should make your
views known to the ASTM Committee on Standards, 1918 Race St., Philadelphia, PA 19103.
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Standard Practice for
Classifying Hot-Mix Recycling Agents1
This standard is issued under the fined designation D 4552; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year oftast reapproval. Asuperscript epsilon (<) indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This practice covers a standardized method whereby

petroleum product additives to be used in hot recycling of
asphalt concrete can be identified. The products are classified
by viscosity in centistokes measured at MOT (60*C). This
practice does not apply to emulsified materials.

1.2 This standard does not purport to address all of the
safely problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards:
D70 Test Method for Specific Gravity and Density of

Semi-Solid Bituminous Materials2
D92 Test Method for Flash and Fire Points by Cleveland

Open Cup3

D 140 Practice for Sampling Bituminous Materials2
D946 Specification for Penetration-Graded Asphalt Ce-

ment for Use in Pavement Construction2

D 1 2 9 8 Test Method for Density, Relative Density (Spe-
cific Gravity), or API Gravity of Crude Petroleum and
Liquid Petroleum Products by Hydrometer Method3

D 1 7 5 4 Test Method for Effect of Heat and Air on
Asphaltic Materials (Thin-Film Oven Test)2

D2007 Test Method for Characteristic Groups in Rubber
Extender and Processing Oils by the Clay Gel Adsorp-
tion Chromatographic Method4

D 2170 Test Method for Kinematic Viscosity of Asphalts
(Bitumens)2

D 2 1 7 1 Test Method for Viscosity of Asphalts by Vacuum
Capillary Viscometer2

D2872 Test Method for Effect of Heat and Air on a
Moving Film of Asphalt (Rolling Thin-Film Oven
Test)2

1 This practice is under the jurisdiction of ASTM Committee D-4 on Road and
Paving Materials and is the direct responsibility of Subcommittee D04.37 on
Modifier Agents for Binders in Bituminous Mixtures.

Current edition approved Feb. 15, 1992. Published May 1992. Originally
published as D 4552 - 86 Last previous edition 0 4552 - 86.; Annual Dixit. at ASTM Standards. Vol 04.03.J Annual Honk of ASTM Standards. Vol 05 .0 1 .4 Annual bwik of ASTM Standards. Vol 05.02.

D3381 Specification for Viscosity-Graded Asphalt Ce-ment for Use in Pavement Construction2

3. Significance and Use
3.1 Recycling of deteriorated asphalt pavements is beingused with increasing frequency for its economy and benefitof conserving raw materials. The objective of recycling is toreuse the two ingredients of asphalt concrete-aggregate andasphalt and to restore the desired properties to the mixture.

Recycling is carried out hot or cold, depending on thecondition of the deteriorated pavement, construction proce-dure, availability of equipment, and cost. This practice is for
classifying recycling agents to be used in hot recycling.
4. Classification

4.1 This practice describes recycling agents (RA) as be-longing to one of the following six groups: RA 1, RA 5, RA
25, RA 75, RA 250, or RA 500, as shown in Table 1. Theviscosity ranges are designed to avoid overlap and to provide
sufficient flexibility to satisfy a wide range of mix propor-
tions. Other properties specified include flash point (han-
dling), weight percent of saturates (compatibility), selected
properties of the RTF or TF oven residue (durability), andspecific gravity.

4.2 The choice of RA grade will depend on the amount
and hardness of the asphalt in the aged pavement. In general,
the lower viscosity RA types can be used to restore agedasphalts of high viscosity and vice versa. Additionally, grades
RA 1, RA 5, RA 25, and RA 75 will generally be most
appropriate for hot-mix recycling of salvaged asphalt con-
crete when no more than 30 % virgin aggregate is added,
while grades RA 250 and RA 500 will generally be mostappropriate when more than 30 % virgin aggregate is incor-porated into the mix.
5. Physical Properties

5.1 All recycling agents must be homogeneous, free-flowing at pumping temperature, and must conform to the
requirements shown in Table I.

5.2 The final acceptance of recycling agents meeting the
requirements shown in Table 1 is subject to the compliance
of the reconstituted asphalt blends with current asphalt
specifications.
6. Sampling

6.1 All sampling shall be carried out in accordance with
Practice D 140.
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TABLE 1 Physical Properties of Hot-Mix Recycling Agents

NOTE—Compliance requires the asphalt be extracted from the pavement to be recycled and combined with the recycling agent being tested. This combination shouldbe m accordance with ratio ol recycling agent to recovered asphalt used in the mix. The resulting mixture must meet all specifications lor the appropriate grade withirSpecification D 946 or Table 1, 2 or 3 of Specification 0 3381.
Test

Viscosity «140*F,
cSt

Flash Point,COC.F
Saturales.wt,%
Tests on Residue

IromRTFOorTFOoven
325'F

Viscosity Ratio'
Wt Change,*,*

Specific Oravity

ASTM RA 1
Method Min Max
02170 50 175

or02171
D 92 425
D 2007 ... 30
02872

or01754
3
4070 Reportor

01298

RA 5 RA 25 RA 75
Min Max Min Max Min Max

176 900 901 4500 4501 12500

425 . . . 425 . . . 425
30 .. . 30 .. . 30

3 . . . 3 . . . 3
4 . . . 3 . . . 3

Report Report Report

RA290
Min Max

12501 37500

425
30

3
3Report

RA500
Min Max

37501 60000

425
30

3
3Report

* Viscosity Ratio Viscosity ol Residue from RTFO or TFO Oven Test • 140'F.cST
Original Viscosity • 140'F.cSt

The American Society for Testing end Materia/s takes no position respecting the va/id/ty ol any patent rig/its asserted in connectionwith any item mentioned in tha standard. Users et thit standard are expressly advised mar determination of me validity ol any such
patent rights, tna the risk of /nfriingemenf ol tuch rip/us, are entirety their own responsiei/ify.

This standard is suo/ect to revision at any lime cy tne responsible technical committee and must be reviewed every five years andit not revised, either reapproved or withdrawn. Your comments are invited ether lor revision ot this standard or for addMona' standardsand shouia o» addressed to ASTM Nead«uarters. Your comments will receive carafe/ consideration at a meet/no of tne responsiDte
techn/ca/ committee, which you may attend. II you fee/ that your comments nave not received a fair hearing you srtou/d make yourviews known to the ASTM Committee on Standards, 19)8 Race St., Phi'/ade/phia, PA 78103.
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DISCLAIMER

The information in this document has been funded wholly or in part by the United States EnvironmentalProtection Agency under Contract 68-C8-0033 to Foster Wheeler Enviresponse, Inc. It has been subjectedto the Agency'9 peer and edrninlstrattve review, and ft hat been «poroved for publication as an ERAdocument. Mention of trade names or commercW products does not constitute endorsement ordocument,recommendation for use
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FOREWORD

Today's rapidly developing and changing technologies and industrial products and practices frequentlycarry with them the increased generation of materials that, if improperly dealt with, can threaten both publichealth and the environment. The U.S. Environmental Protection Agency is charged by Congress withprotecting the Nation's land, air, and water resources. Under a mandate of national environmental laws, theagency strive* to formulate and implement actions leading to a compatible balance between human activitiesand the ability of natural resources to support and nurture life. These laws direct the EPA to performresearch to define our environmental problems, measure the impacts, and search for solutions.
The Risk Reduction Engineering Laboratory is responsible for planning, implementing, and managing

research, development, and demonstration programs to provide an authoritative, defensible engineeringbasis in support of the policies, programs, and regulations of the EPA with respect to drinking water,wastewater, pesticides, toxic substances, solid and hazardous wastes, and Superfund-related activities. This
publication is one of the products of that research a'nd provides a vital communication link between the
researcher and the user community.

The health impacts associated with uncontrolled releases of petroleum hydrocarbons from underground
storage tanks present an area of major concern. The responsible parties, whether large corporations or
small businessmen must find an appropriate means of remediating any soil contaminated by such releases.
This document will assist them in finding solutions that will not only dean the soil contaminated by suchtanks, but also reuse It in an environmentally safe method. It identifies facilities that have, at this date, beenapproved in the United States as recyders of petroleum-contaminated soil.

E. Timothy Oppelt, Director
Risk Reduction Engineering Laboratory

in
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ABSTRACT

SOD contaminated by virgin petroleum products leaking from underground storage tanks is a pervasiveproblem in the United State*. Economically feasible disposal of such soi concerns the responsible party(RP), whether the RP Is one individual small businessman, a group of owners, or a targt multinationalcorporation. They may need a starting point in their search for an appropriate solution, such as recycling.
This report provides initial assistance in two important sections: a dear discussion of the potentialrecycling technologies and a user-friendly, quick-reference table Hating the names and locations of recyclingcompanies in each state that allows such services, supplemented by a delated directory of specific contactsfor further information.
Four types of technologies manufacture marketable products from recycled petroleum-contaminatedsoil: hot asphalt processes, cold mix asphalt systems, brick (vitrification) techniques, and cement-production.
Table 3, which forms the core of this report, lists recycling facltties alphabetically by location within

each state, organized by U.S. Environmental Protection Agency (EPA) Region. The facilities shown haveeach reported that they are operating either under a permit or another required vehicle of formal stateapproval, at the time of the survey (Status: A); that they have temporarily ceased previously approvedoperations (Status: I); or that they are In the final stages of the permit/approval cyde and expect to shortlybegin operations (Status: P).
Table 4 Is an alphabetical directory of these companies, providing detailed address, recyding location,telephone number, and contact for the RP who may wish to gather even more specific information.
The scope of the survey project and report concern only fixed facltties or small mobile facility ownersthat recycle soil contaminated by virgin petroleum products into marketable commodities. This project doesnot address site-specific remediation facilities. Other EPA documents address such recyding for commercialhazardous waste facilities [1.2],
This report was submitted in fulfillment of Contract Number 68-C9-0033 by Foster Wheeler

Enviresponse, Inc. under the sponsorship of the U.S. Environmental Protection Agency. This report coversa period from 1990 to 1991, and work was completed as of February, 1992.
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SECTION 1
INTRODUCTION

THE PROBLEM OF PETROLEUM-CONTAMINATED SOIL

SoU contaminated by virgin petroleum products leaking from underground storage tanks is a pervasiveproblem in the United States. Economically feasible disposal of such soH concerns the responsible party
(RP), whether the RP is an individual small businessman, a group of owners, or a large multinational
corporation. Disposal of such soil is costly, both in terms of money and landfill resources.

Federal legislation makes the generator responsible for soil contaminated by chemical materials, evenIf the contaminants are virgin products rather than processed waste (40 CFR 26l.3(a)(92)j. In the case ofa large corporate site, the responsible party may need a starting point for a competent technical team thatcan explore the appropriate remedies and Implement them. At the other extreme, however, for a smallbusinessman, finding an economically feasible remedy may be more difficult. A typical example is the
gasoline station owner who has arranged to have an old tank removed/replaced, but Is left with a suostantial
pile of contaminated soil, which has been excavated and covered by a tarpaulin pending cleanup.

Regardless of cleanup volume, the RP should investigate environmentally and financially advantageous
recycling options. This report will provide initial assistance in finding an environmentally responsiblesolution. It contains two key resources: a clear discussion of the potential recycling technologies (Section2) and a user-friendly, quick-reference table listing the names and locations of recycling companies In each
state that allows such services, supplemented by a detailed directory of specific contacts for further
Information (Section 3).

LEVELS OF REGULATION

Public Law 96:616 (the reauthorization of the- Resource Conservation Recovery Act, called RCRA,
published In 1984) mandates the development and implementation of an extensive regulatory plan for
underground storage tanks (USTs) The U.S. Environmental Protection Agency (EPA) must promulgate theagency regulations that protect human hearth and the environment. Therefore, EPA must define long-term
corrective actions for the treatment of petroleum-contaminated soils at UST sites regulated under RCRASubtitle I.

Under the federal Resource Conservation and Recovery Act (RCRA), soil contaminated by virgin
petroleum product is not considered a hazardous waste. However, the individual states - and evenindividual communities - have the right to legislate standards that are more restrictive than federal statutes.
Such regulations, peculiar to a particular state or community, can - and do - change rapidly. Past trends
indicate that the future may bring even more restrictive statutes on a state-by-state basis, or even on thefederal level [42 USC 6901 et sea.. RCRA Section 3006(a)]. Therefore, the persons or companies
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responsible for the disposal or recycling of petroleum-contaminated soil must periodically familiarizethemselves with any applicable legislation, and any changes to such legislation, on the national, state,county, and municipal level.
Due to differing statutes and random changes, the concept of a permitted facility cannot be uniform.For the purposes of this report, 'permitted' will mean that the facility opera'es with formal governmentalauthorization. This may take the form of an air permit, a RCRA permit, certification, or some other vehiclefrom the appropriate governing body which formally authorizes the faclfty's operation. In some cases thepermitting is required for the manufacturing process, regardless of whether petroleum-contaminated soil ispart of the raw material.
This report summarizes information on fixed recycling faciities that are authorized to accept soilscontaminated by virgin petroleum products. It does not address facilities that handle hazardous wastes.Similar documents address recycling at commercial hazardous waste faculties [1,2]. Since most statesconsider petroleum-contaminated soil only a solid waste, these recycling faciities neither require RCRA PartB permitting nor listing In RCRA data bases as TSDs.

SURVEY METHODOLOGY AND REPORT PREPARATION
The project survey contacted authorities and private companies in each state to identify its facilities forrecycling petroleum-contaminated soil into a marketable product (e.g., asphalt, bricks, and cement). Itprogressed in two stages: Stage I, during 1991, established initial parameters and contacts; Stage II refinedthe scope of the survey, supplemented the listings, and reviewed some of the earlier information.

Stage I
This stage contained four segments:
1. A brief review of some extant listings of treatment faciities. Including the EPA CODS LUSTCorrective Action Case Histories Data Base, to determine whether they address the surveyrequirement,
2. Telephone Interviews of selected permit personnel in EPA regional offices to identify region-specific

facilities and knowledgeable state contacts,
3. Requests to each state LIST and LUST office for information on faciities,
4. A telephone survey of recycling operators to gather basic information about their operations.
The first two segments provided limited irrformatlon and verified the need for the project Even sourcessuch as the Asphalt Recycling and Reclaiming Association and the EPA Regional Offices did not have aspecific list of faciities that are permitted to recycle petroleum-contaminated sol.
The third segment provided additional information from the following offices and the contacts theyprovided: state UST Program offices, Air Quality Management Branch, Solid Waste Management Branch,and regional or county counterparts to state offices.
The fourth segment provided the first draft of Table 3, which forms the core of this document
(Note: Information provided by the permitted facilities was not verified by atte inspection, copy
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of permit, or performance testing. Any reader planning to let contracts for future work must 22require proof of permit/approval.] o
oInformation from the Stage I survey provided sufficient material for a first draft of the report and its coretable. A review of this draft revealed that, while it contained valuable information, K required revision tobecome a user-friendly document. It also identified needs for a refined definition of recycling faclities anda more comprehensive listing.

The concept of a marketable product (e.g., asphalt, brick, or cement) received added attention becauseft lowers the recycling cost and increases the environmental value of the selection. Also, the targetedapplication (i.e., universal assistance to RPs with widely varying volumes of contaminated soil) eliminatedthe relevance of site-specific remediation facilities. To clarify the scope of the report, the governing definitionof "recycling" in the report was limited to the reuse of petroleum-contaminated soil for another purpose.Therefore, It also precluded the listing of on-slte treat and dispose' operations.
Stage II

The Stage II plan evolved from the Stage I review and ensuing discussions. It outlined the preparationof the revised report and the continuation of the survey In 5 areas:
1. A more streamlined table, divided not only by EPA Region, but also by state, would pinpoint forready access the primary user's first concerns: location and identity. It would then tabulate thecapacity, cost, product, and contaminant issues that would help the RP make a "first cut" ofpotential resources. This streamlined format would also provide a better overview for a researcherseeking a general understanding of recycling opportunities.
2. A detailed directory would follow the table, enabling the user to easily find all the necessary

information for follow-up inquiries after initial identification.
3. These better-defined needs would in turn determine the form of a new telephone survey form to

elicit information from recyclers. (See Table 1.) This form would be further adapted to fashion the
more streamlined table (Table 3).

4. Additional telephone surveying would verify and supplement the original information due to thevolatility of the regulatory scene and the rapid emergence of new recyders.
5. A more thorough discussion of the four targeted products, supplemented with additional illustrations

would aid the RP in better understanding the potential of recycling technologies.
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SECTION 2
RECYCLING TECHNOLOGIES

TECHNOLOGIES ADDRESSED IN THIS REPORT

Under the scope of this report, four technologies recycle petroleum-contaminated soil into marketableproducts: hot mix asphalt processes, cold mix asphalt systems, cement-production, and brick manufacturingtechniques.
Asphalt Is a bituminous material which occurs naturally or derives from the separation of petroleum

fractions. It is categorized as asphalt cement or liquid asphalt. Asphalt contains aliphatic, mononudaararomatic, and potynudear aromatic hydrocarbons. Asphalt cement is the heaviest fraction. Liquid asphaltsare lighter fractions, which are graded by viscosity. Liquid asphalts may also be produced by dissolvingasphalt cements in solvent or emulsifying asphalt cements in water [10]. There are two groups of asphalt-producing technologies: hot and cold mix processes.
o Hot mix asohalt processes use asphalt cement and can incorporate petroleum-contaminated soils.

Aggregate, also marketable, is an intermediate product in this process. It consists of crushed stone,
crushed slag, crushed gravel or sand (natural or manufactured) that conforms to the quality andcrushed particle requirements of the appropriate ASTM specifications.

o Cold mht asphalt processes use liquid asphalts and can Incorporate petroleum-contaminated sou.Cold mix plants blend Hqukj asphalts with aggregate to produce patching material or a lower gradepavement which may be suitable for light duty use.
Unlike asphalt, cement and brick products consist of non-bituminous materials that include day, shale,

and other ingredients, based on their respective product specifications and manufacturing processes.
o Hydraulic cement is the basic binding agent in concrete and masonry construction. Portland

cement accounts for approximately 95% of the total hydraulic cement production. It is a finely
ground mixture of calcium aluminates and silicates, capable of setting and hardening by chemical
reaction with water [25].

o Brick manufacturing processes blend clay and shale into plasticized mixtures, which are thenextruded and molded into green bricks, which are later fired. A typical ASTM-defined-brick is a
ceramic product. It is a solid masonry unit of day or shale, usually formed into a rectangular prism
(while plastic) and burned or fired in a kiln [22].
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HOT-MIX ASPHALT PLANTS

The hot mix process employs both mixing and heating to make the pavement material. It blends anddries mineral aggregates like sand, gravel, and crushed stone (with a diameter as large as 3/4-in), heatingthem to 300-350°F. Mixing hot asphalt (5-10% by weight) with the hot aggregate produce* paving material.
A hot mix temperature of 300-350°F does not destroy the hydrocarbons vaporizing from the soil.Secondary combustion chambers have modified the process in some hot asphalt plants used for recycling.The recycling of petroleum-contaminated sol takes place In the aggregate preparation process. Exhausttreatment by doth filters (baghouses) provide a means of controlling paniculate emissions. Two plantsreport high-temperature destruction prior to either a baghouse or a secondary combustion chamber.

Theory
A dryer heats the petroleum-contaminated soil and aggregate prior to mixture with the asphalt.Volatilization and low temperature thermal destruction of the organic compounds occur in the dryer (12).The process incorporates the remaining heavy-hydrocarbon contaminants into the asphalt/aggregate mix,which may then be utilized for construction purposes such as road building.

Equipment
A typical batch mixing process requires the storage of aggregate material, held in cold bins. Anadditional cold bin holds the petroleum-contaminated soil. Metered amounts of contaminated soil andaggregate travel by cokJ elevator to the dryer, where the temperature can range from 500 to BOOT. Whenthe aggregate mix is heated in the dryer for a period up to five minutes, the lighter organic contaminantsvolatilize. A dust collector and exhaust treatment system, such as a baghouse, treats the gases from the

dryer [9].
The mixture leaves the dryer at a temperature of approximately 300°F. A hot elevator conveys it to ascreening unit for size separation and subsequent storage in hot bins according to aggregate size . Theprocess formula specifies a measured amount of each size fraction which is weighed and then dropped intothe mixing unit containing hot asphalt. After mixing, the process carries the asphalt to heated storagecontainers or to trucks for immediate use (5.9).

Product
A typical hot asphalt mix contains the following components; 11J:
o 50% coarse aggregate or gravel (size range from 1.5* to U.S. Sieve *4)
o 40% fine aggregate or sand (size range from <U.S. Sieve <M to >U.S. Sieve #200)
o 5% mineral fill, such as crushed stone dust or lime (size <U.S. Sieve #200)
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o 5% asphalt cement ooooAsphalt cements used in the hot mix technology typically contain high concentrations of aromatics ^(both mononudear and poiynudear rings), nitrogen, sulfur, oxygen, and trace amounts of metals or organo-metallic compounds.
The hot asphalt mix is used in paving roads. To maintain product quality, the recyder adds only asmall percentage of petroleum-contaminated soil to the aggregate feed. This also minimizes air emissionsresulting from volatilization of organics in the dryer. Asphalt plants limit the day and sit content in sou feedto 15-20%. However, some plants produce road bedding aggregate and daily landfill cover In addition toasphalt In addition, the aggregate formed during hot mix asphalt production (described above) is also amarketable product Some companies produce this intermediate product and, rather than making asphalt,sell It to other enterprises that use M for road base or an asphalt component. Some prepare the recydedaggregate in one location and ship it to another (asphalt-producing) facility.

Application
The feasibility of using asphalt incorporation as a recycling technology depends on the physical and

chemical characteristics of the contaminated soil. The soil must be free from large rocks, wood, and debris.Since the strength and durablity of the asphalt mix depend on the aggregate size, type, and volume, soilpartide size may also influence the application. The contaminated soH partlde size must be compatible withthe asphalt mix requirements. This usually limits the fine material to a small percentage (normally 2-10%)of the mixture. Weather can potentially limit this application; most asphalt plants do not operate during coldweather.
The lighter contaminant fractions - fuel oil, kerosene, or gasoline - that are not burned off in the dryercan act as solvents, softening the final asphalt mix and affecting curing time. The heavier fractions, whichare chemically similar to asphalt, will not damage the product.
The cost to retrofit an asphalt batch plant for the Incorporation of petroleum-contaminated soli would

range from $10,000 to $100,000. The capital costs cover soil storage, feed, conveying, and meteringsystems. These costs would be offset by the fees paid by RPs.
The average cost of asphalt Incorporation has been estimated at $80/yds of soil (Kostecki et at. 1989)

exclusive of excavation and transportation costs. Operators contacted in the survey quoted a range of costsfrom $ 40 to $ 100 per ton, exduding transportation and storage.
Data from tests on asphalt plant and modified asphalt plant efficiency in recycling soil are limited. Onestudy shows increases in hydrocarbon emissions for a feed mixture of dean aggregate and contaminatedsoil [3]. This particular approach is not recommended since the petroleum volatilizes and leaves the systemprior to combustion. (See Figure 1.) Volatile emissions rose from 20 Ib/hr to 64 and 67 Ib/hr for mixtures

of soil contaminated by diesei fuel and gasoline, respectively.

COLD MIX ASPHALT PLANTS

Cold mix plants blend liquid asphalt with aggregate in small open pugmyis or revolving drums. It isnormally compacted and spread at the job-site where the mixture Is at or near ambient temperature. Thecold mix asphalt process produces a lower grade pavement which may be suitable for light duty use.
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FRONT-END LOME*

Figure 1. Batch hot-mi* asphalt plant.
SOURCE: EPA 1986

010086

010086



Thtocy
The cold process mbces aggregate and liquid asphalt to form the saving material. It uses surfactantto emulsify asphalt cement In water. Anionte, cationic, and nonpolar asphalt emulsions are available. Thesematerials may contain polynudear aromatic hydrocarbons, depending on the grade of asphalt cement fromwhich they are derived. The resulting emulsions are relatively nonvolatile (10]. The asphalt particles aresuspended In the liquid and separated from each other (and the aggregate) by a film of water. Duringpaving, pressure expels the film of water, bringing the asphalt particles together in contact with theaggregate [9]. (See Figure 2.)

Equipment
The equipment used in the cold process varies from a small open pugmUl or revolving drum to acomplete plant. The pugmill or drum blends the aggregate, the petroleum-contaminated soil, and theasphalt emulsion. The selected asphalt viscosity controls the viscosity of the asphalt mix, its curing time,and its application.

Product
Asphalt from the cold process is suitable for jobs where a considerable Interval of time may elapsebetween its manufacture and use. The selection of the proper liquid asphalt can adjust the curing time.

Therefore, these mixtures can be effective for patching and spreading over small areas. They also provide
the surface course of pavements carrying medium or low volume of traffic.

In addition, the aggregate formed during asphalt production (as described in the preceding pages) is
also a marketable product. Some companies produce this intermediate product and, rather than makingasphalt, sell it to other enterprises that use it for road base or an asphalt component.

Preliminary tests have been conducted on the environmental effects of asphalt paving [26]. These tests
confirmed that the petroleum contamination In the soil is combined with the asphalt in the emulsion toproduce a mixture that will not separate. The researcher concluded that the incorporation of sorts
contaminated with petroleum products as aggregate in a cold-mlx-emulston bituminous paving is anenvironmentally benign method of recycling the contaminated soB.
Application

The cold process is an application suited to the heavier petroleum-contaminated soils, such as those
containing Numbers 2 to 6 fuel oil and most lubricating oils. The heavier fractions, chemically similar innature to asphalt, do not damage the asphalt mix [14]. Soils contaminated with tighter petroleum products,
such as kerosene and gasoline, can emit hydrocarbon vapors when they are mixed with asphalt and applied
in hot ambient conditions. They have limited application for winter-service cold patch.

The liquid asphalt binder works best when the aggregate has been wetted with asphalt. If a particlehas been coated with water or a day film prior to mixing, the asphalt may not adhere to It. As a result, thistechnology has limited application for treating petroleum-contaminated soils with high day fractions and with
a high capacity for water retention [10].
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CEMENT MANUFACTURING FACILITIES

Hydraulic cement is the basic binding agent in concrete and masonry construction. Approximately 95%of the cement produced in the United States is Portland cement - a product of high temperature burningof calcareous material (e.g., limestone, oyster shells), argillaceous material (e.g., day), and siliceous material(e.g., sand, shale) to produce clinker. Portland cement consists of pulverized dinker blended with waterand/or untreated calcium sutfate (gypsum).
Theory

The cement manufacturing process employs raw materials such as limestone, day, and sand which
are usually fed to a rotary kiln. The raw materials enter the raised end of the kiln and travel down the inclineto the lower end, which is heated by coal, oil, or gas. Petroleum-contaminated soils may enter the processas part of the raw material or drop into the hot part of the kiln. As the raw materials move through theinclined, rotating kiln, they heat to extremely high temperatures - up to 2,700'F. These temperatures causephysical and chemical reactions such as evaporation of free water, evolution of combined water, evolutionof carbon dioxide from carbonates, and combination of lime with slica, alumina, and iron to fonn the desired
compounds in the clinker. The petroleum-contaminated soil also breaks apart chemically. At extremely hightemperatures, the organic compounds bum, producing heat, carbon dioxide, and water vapor. The
inorganic components recombine with the raw materials and are incorporated with the clinker. The clinker
leaves the kiln in goH-ball-steed lumps. The rapidly cooled dinker, mixed with gypsum and ground to a fine
powder, produces Portland cement. (See Figure 3.)
Equipment

There are three major types of cement-manufacturing processes: the wet process, the dry process,
and the dry process with preheating and /or precalcining.

In the wet process, finely ground raw materials, mixed with water, form a slurry feed containing 30 to
40% moisture.

The dry process uses raw materials that are typically quarried and crushed to an approximately 5 -indiameter. The materials travel through direct-contact rotary driers to a rotating raw mill where they are
ground to approximately 200-mesh. In the preheater, this dry powder passes through a series of heat
exchangers before it enters the kiln. The precalcining system uses a secondary firing process within the
preheater to increase thermal preparation of the feed.

In each process, the ground and blended raw materials travel through a rotary kiln. The kiln is a large,
indined, rotating cylindrical furnace from 10 to 20 ft in diameter and from 350 to 760 ft long. Raw materials
enter the raised end of the kHn and travel down the indine to the other end. which is heated by burning fuel.
The retention time in the kin spans roughly 1 to 4 hours; the temperature at the hot end ranges from 2,500
to 3,500°F.

The k8n produces dark, hard nodules called dinker. The temperature of these 3/4-inch (or smaller)
nodules is reduced by air in a dinker cooler. The air from the dinker cooler, along with combustion gases
and water vapor, rises through the high (cool) end of the kiln to a dust collection system and out the stack.

An open or dosed circuit mill grinds the dinker, adding about 3 to 6% gypsum (calcium sulfate) toretard the cement's setting time. Other additives may indude air-entraining, dispersing, and waterproofing

11
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agents. The final product measures about 10 microns in diameter.
The dry process system may use a suspension preheater upstream of the kiln. The preheater consistsof a series of cydones connected by pipes, through which gases from the kiln pass upward and counter-current to the dry raw material flowing down and around the cydones. Suspension preheaters transfer theheat from the gas Into the raw material feed dust. This leads to roughly 40% calcination of the feed beforeit enters the kla Some new preheater systems use a small direct-fired furnace located between the airsuspension preheat*- and the kHn. this system can calcinate roughly 90% of the raw materials. Suchsystems can reduce the size of the rotary kin required or increase the production capacity of an existingkin.

Product
According to ASTM Specification C1 50-89, Portland cement is:

A hydraulic cement produced by pulverizing d inker consisting essentially of hydrauliccalcium silicates, usually containing one or more of the forms of calcium suMate as aninterground addition.
The five basic types of Portland cement vary according to their strength and hardening time; theycomprise the basic binding agents used in concrete and masonry construction.
Industrial process rotary kilns, which are located throughout the United States, manufacture cement

and lime. Based on survey results, the petroleum-contaminated soil treated in these kilns can be used for
daily cover in landfills. (See Figure 3.)
Application

Cement kilns can recycle petroleum-contaminated soil as solid material in various ways. Solid materialsuspended In liquids can be pumped into the hot end of the kiln. In another process, the solids arerepackaged and injected into the kHn area where gas temperatures range from 1 ,800 to 2.1 SOT. In a thirdprocess, preprocessed solids and sludges are dried, ground Into powder, and conveyed by air into the hotend of the kHn. Cement manufacturers have a wide choice of raw materials. Lime, silica. and alumina are
the most important ingredients. Any materials that will supply these components can be used in cement
manufacture, provided that they do not contain excessive amounts of other oxides [25].

The contaminated soils must be characterized and then blended to meet process specificationscovering organic makeup, energy value, and compatibility with cement-making. Cement costs varyaccording to the types of soil and contaminants; producers reported costs from $30 to $100 per ton,exclusive of transportation and storage.

BRICK MANUFACTURING PLANTS

The brick manufacturing process blends day and shale Into a plasticized mixture, which is thenextruded and molded Into green brick. It dries and fires the green brick in a kiln where temperatures reachapproximately 2.000eF during a three-day residence period.
Theory

The brick-making process blends the petroleum-contaminated soil with the day and shale. It mdds
13
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this raw material into a green brick. Once the green brick is dried and preheated, the kHn fires it at 1,700 oto 2,000°F for approximately 12 hours. The temperature and residence time in the kHn destroy the organics, Oincorporating the inorganics in the vitrified brick product. (See Figure 4.) 3
Equipment

The blending of mined day and shale with contaminated sol occurs In large stockpies. Grindersreduce this raw material to particles of an acceptable size for brick formation. The raw material, mixed withwater in a pugmW, increases in plasticity. The pugmill extrudes a continuous ribbon of day which is cutinto green bricks. These bricks are stacked on red cars that travel through a tunnel kHn. The green bricksfirst dry out at a temperature of 600*F. The next temperature stage (1,200 to 1.600°F) preheats them. Atthe peak temperature of 1,700 to 2,000°F, the kiln fires them for a period of 12 hours. The kiln travel time
is approximately 2-1/2 days. After cooling, the bricks are ready for shipment.
Product

In order to provide the strength and durability requirements of a brick product, the manufacturingprocess must develop a fired bond between the paniculate constituents. These requirements will vary,depending on the intended product use and the applicable ASTM specification. The study identified brick-manufacturing facilities in Virginia. North Carolina, and South Carolina. One brick manufacturer has fivefacilities in North Carolina that recycle petroleum-contaminated soil.
Application

The brick manufacturing process can recycle various petroleum-contaminated soH fractions including
silts, sands, loams, and days. This process can reuse highly plastic days that are difficult to treat with othermethods. Sand reduces firing shrink and improves moisture absorption from mortar (important during brick
laying). Some shales and sedimentary rock are also appropriate feedstock. Soils that contain large
quantities of debris, concrete, stone, or asphalt require prescreening.

The cost to the RP of sending petroleum-contaminated soil to a brick-manufacturing recyder dependson the contamination level, the blendabHity of the soil, and the debris content. Cost estimates range from$30 to $45 per ton, exdustve of transportation and storage.

OTHER TECHNOLOGIES

This report contains a summary of information on certain types of facilities that are permitted, wherepermits are required, to accept sons contaminated by virgin petroleum products. It concerns only fixed
facilities or small mobile facility owners that recyde soil contaminated by virgin petroleum products intomarketable commodities. There are other technologies that can treat petroleum-contaminated soil at largesites and dispose of the deaned soil in the areas from which It was excavated or in an on-sfte landfill.
Technologies such as low temperature thermal desorption. incineration, extraction, and btoremediation arethe subjects of intensive reports for the RP seeking a large-scale remediation of a site. EPA's Center for
Research Information at the Risk Reduction Engineering Laboratory in Cincinnati can provide furtherInformation on such documents and lists them In the Office of Research and Development (ORD)
Publications-Announcement Quarterly.
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Figure 4. The brick manufacturing process.
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SECTION 3
A DIRECTORY OF PERMITTED RECYCLJNG FACILITIES

USING THE TABLE AND DIRECTORY

Table 3 lists permitted, or otherwise formally state-approved, recycling facilities. It is organized by U.S.
EPA Region. (See Table 2 for a list of states in each region.) Within the region, It lists facilitiesalphabetically by location within each state.

The facilities shown have each reported that they are operating either under a permit or another
required vehicle of formal state approval, at the time of the survey (Status: A); that they have temporarily
ceased previously approved operations (Status: I); or that they are in the final stages of the permit/approval
cycle and expect to shorty begin operations (Status: P).

Once an RP has selected potential recycling locations from Table 3, they can find all the details
necessary to obtain further information in Table 4 - the Directory of Recycling Facilities. This Directory
provides specific address, recycling location, telephone number, and contact for the RP who may wish to
follow up with individual queries.
Each facility has its own analytical requirements.. Because these requirements (total hydrocarb
flashpoint, pH, etc.) respond to the local state regulations as well as an individual permit, they are subj^i
to change. During the follow-up query, the RP should request a written list of requirements that apply at
that time from the selected facility.
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TABLE 2. U.S. EPA REGIONS

Region
1
1
1
1
1
1
2
2
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5

Statecod*
CT
ME
MA
NH
Rl
VT
NJ
NY
DE
DC
MO
PA
VA
WV
AL
PL
GA
KY
MS
NC
SC
TN
IL
IN
Ml
MN
OH
Wl

State name
Connecticut
Maine
Maeaachuvetts
New Hampshire
Rhode (eland
Vefmont
New Jersey
New York
Delaware
District of Columbia
Maryland
Pennsylvania
Virginia
West Virginia
Alabama
Florida
Georgia
Kentucky
Mississippi
North Carolina
South Carolina
Tennessee
Illinois
Indiana
Michigan
Minnesota
Ohio
Wisconsin

Region
6
6 .
6
6
6
7
7
7
7 •
8
8
8
8
8
8
9
9
9
9
10
10
10
10

Statecode
AR
LA
NM
OK
TX
IA
KS
Ml
NE
CO
MT
ND
SD
UT
WY
AZ
CA
HI
NV
AK
ID
OR
WA

State name
Arkansas
Louisiana
New Mexico
Oklahoma
Texas
Iowa
Kansas
Missouri
Nebraska
Colorado
Montana
North Dakota
South Dakota
Utah
Wyoming
Arizona
California
Hawaii
Nevada
Alaska
Idaho
Oregon
Washington
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Figure 5. U.S. EPA Regions
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TABLE 3. LIST OF PERMITTED FACILITIESREGION 1
Raeyclnf FacNMaa

1
ME
ME
ME
ME
ME
ME

Recycling
Location

Brunt wick
FaMaU
Madway
NOfTwQAWOCk

itm I An ii Jrontno
Washington

Company

Harry Crookar A Sons, Inc.
iBcon MMW, Inc.
tvQon wAMna. me*
Agoragata Racydtng
neon MMM, inc.i
Manfcwfs, Inc.

MA
MA
MA
MA
MA
MA

NH
NH
NH

Dracut
Chariton
Mariboro
North Adams
Shfswsbury
Sloughlon

Bati
Chlchoslar
Hudson

Bn»iffifc»tt«a
Anwficwi nttaMTMilon Corp.
BnmlndusMss
Ctaan Bark shims
Baî on TiwBOunt
Bafilon Tnmount

AmRsc NawHampshlrs
Manimack Tlmbar Saivlca
Brox Induslrtss

1
1

A
A
A
A
A

Capacity
Ions/day

N/A
1.560
eoo

1.000
1.200

100

Coal
I/Ion

N/A
25
30
<50
99
40

i
X
X
X

X

A
A
A
A
A
A

A
A
A

1*W400ft>)
1.000
ISO
800

1.000
1,000

1.000
350
180

40-50
45-50
40-50
50-60

50
50

45-50
N/A

4050

X
a)

X
X
X
X

X

3 1

X

X

i , Accaplabla

i
X
X
X
X
X
X

i
X

X
X
X
X
X
X

X
(b)
X
X

X
X

X
X

X
X

X
X
X

X
X
X

X
X
X
X
X
X

X
X
X

I
X
X
X
X
X
X

D•«•••• •»!•••*•>• «

«1
X
X
X
X
X
X

*1
X
X
X
X
X
X

tI
X
X
X
X
X
X

vOWMft$fn9

No clay* or fio*«

No iMddnmni TPH
Nocfeyordabrls
No cwy OT00brt*

R«l

MEDEP
MEDEP
MEDEP
MEDEP
MEOEP
MEDEP

X
X
X
X
X
X

X
X
X

X
X
X
X
X
X

X
X
X

X
X
X

X
X

X
X
X

X
X
X

X
X

X
X
X

<60.000 ppm TPH
<SO.OOOppm TPH
$^5000 minimum
<3.000ppmTPH

<3,000 ppm TPH
<30.000 ppm TPH

MAOEP
MADEP
MAOEP
MAOEP
MAOEP
MAOEP

NHARO
NHARO
NHARO
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 1 (continued)

»*•,»_

1
NH
NH
NH
NH

Recycling
Location

LJOMon
Loooonoony
Loodon
Ptewtow

Company

Mwftmock Timber Sorvic*
Continental Pwring
•̂ '-^-A— QMW! A flrmMl

B*od«WMtoOi

I
A
A
A
A

C^McNy

350
400

1.200
200

n
Rl

Wftfwftck
InrMWlck

C«rdl Comfcuctton Corp.
CXAmbni Oontkuctton

A
A

650
780

C«Mt
•/ton

N/A
50-60
5055
ao4S

j
X
X

i
X
X

I
I1 1 1 i

X
X
X
X

™

1
X
X
X
X

I
X
X
X
X

61
X
X
X
X

!
X
X
X
X

s1
X
X
X
X

COflMtonfO

<3,000 ppm TPH
<30,OOOpprnTPH
<20.000ppmTPH
<5&OOOppmTPH<2*diaMtaf MftfdM

IM.

NHARO
NHARD
NHARD
NHARO

5040
N/A

X
X

X
X

X
*

X
X
X

X
X

X
X

X
X

No maximum TPH
<100.000ppmTPH

RIOEM
rtOEM

VTlHwteid MwTfciwck Tbnbor Swvko P N/A N/A X X X X X X X <3.000pf«iTPH
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 2

j RtcycllftQ j Capacity
tOMffey

Co«(I/Ion i I R*f.

NJ JftCfcKM 800 N/A <30.000pfMitTPH NJOEP

ttf Anmfcwi ftodMiwUan Cotp. 1.000 45-50 oec
MO 50-60
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 3

1
bt

MO
MC
MC
MC
MC

PA

/A
vA
VA
VA

•M ———HSW

fwcycnnf
Location

NawCa.fe

BaMmora
BalUvMa
Chaatartown
Edan

SMInaSprino.

Arvonla Caacada
Exmor*

Richmond

•naracHlfe.

Company

Oaan Eartn of Maw Cattfa

Sol Solo. Ine.
Charofcao Sanford
RacycNng Aftanutiva*. Inc.
KffyA^h*
Sol RKyciB« TachMlogiM

KayMoMttrtfoMiMrt

II All fthJ — *~ * * ffT ^*~ IMMll f*f\
^^™~"*"

Racyclno ANomaflwo*. Inc.
Envirolach
RacycMno A»amali»»». inc.

1
A

A
A
P
P
A

A

A
A
A
A

Capacity

1.000

5.000
2.000

500
300500
2.000

500

1.000••*""*

SCO
1,000
500

Coal
AJ&MUM9non

5575

35-45
32-45
40-45
32-50

55

50-60

40-45
55-70
40-45

1

X
X

X

X

1

S

X

1 1

(

X

X

j I
X
X

X

Ac

j
X

X
X

X
X
X

X

x
X

X

i
X

X
X
X
X
X

X

x
X

X

1
X

X
X
X
X
X

X

x
X

X

c1
X

X
X
X
X
X

X

x
X
x
X

]
X

X
X
X
X
X

X

x
X
x
X

t1
X

X
X
X
X
X

X

x
*x
X

vOffUIMfttA

<15.000ppmTPH

<25. 000 ppm TPH

<20,OOOpj»nTPH

<2t.OOOppmTPH

< 20.000 ppm TPH

<25,OOOppmTPH

R.I

DE
DNREC

MDE
MDE
MDE
MDE
MDE

PADER

k/A AAfW*

VAOAPC
wn UW"O

VADAPC
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 4

1
AL

FL
FL
FL
FL
FL

1A

KY

NC
NC
NC
JC
NC

R*e

RccycNng
Location

BbmlnghMn

Or *«n Cov* Spring*

Mi«nl
Otando
TaMiM***

Tronlon

Brook*

OuN
Moncur*
Norwood
Norwood
Sanlord

fdMto, f acMIloo

Company

Racyctog AHamattvaa

MAM Chemical iEqulpmaol
Company
Anderaon -Columbia
Finfcar Malarial* Corporation
C A. Mayor Pavtng
Sona* Spterm of Florida. Lid

MAM Chemical * Equipnwnl
Compww

MAM Clwnyeal * Equipment
ConipMW

Ch«rah«« Scnlotd Qroup
CiMrah** Santord Group
CtMrali** Stniord Group
MAM Chwnleal A Equipment
Comc*nv
CharokM Sanlotd Group

1
P

A
A
A
A
A

A

A

A
A
A
A
A

Capacity
vOvMvflAy

500

1.000

2.000
800

1.000

1,000

1.000

2.000
2.000
2.000
1.000
2.000

Co«l
I/Ion

4050

100
•ic ert

40100
2535
35-65

100

100

32-45
32-45
32-45
100

32-45

j
X

X

3
4

1

1
1

X

X

X

X

!

X

X

!

X

X
X
X

X

Ac

i
X

X

X
X
X

X

X

X
X
X
X
X

c*pti

i
X

X
)(

X
X
X

*

X

X

X
X
X
X
X

ibto

I
X

X

X
X
X

X

X

X
X
X
X
X

ConU

81
X

X
)(

X
X
X

X

X

X
X
X
X
X

irnlm

X
1

X

X

X
X

X

X

X
X
X
X
X

into

«
1
X

X

X

X

X

X
X
X
X
X

Comment*

<2' dMincUr p«rfclo4

No maximum TPH

R*f.

ADEM

FLDER
FLOER
•LOER
FLOER
FLOER

QAEPD

KYDEP

NCOEM
NCOEM
NCOEM
NCOEM
NCOEM
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 4 (CONTINUED)

I
•ki
NC

!ki
sc
sc
s6

n»«

HftcycMnf
LOCMHMI

Stnfora
Thomatvilk

CtMttMton
HaftoyvM*
HMtoyvM*
Santo*

yww«>p 4 MMWM

CoiMfMny

8(4 rwcWnwiQ, Inc.
Cunnlngham Brick Co.. Inc.

SoutwMtom Soi Rtcovwy,
InCflOSOfMMl
QtMlRMOurcM RKOVMY

CMMMVMAM Ownied Equipment

I
A
A

X
A
A
A

CapMlty
HMMM^

2.500
1,000

500
400

1.000
1.000

CMI
Man
25-40
30-55

5575
45100
100
100

\

k

«

1
*

• t

X
X

]

X

i
X

X

X

Ac

j
X
X

X
X
X
X

c«pU

1
X
X

x1

X
X
y

1
V
X

x1

X
X
X

81
X
X

X
X
X
X

5
J
V
x

x
X
X
X

t!
X
X

X

X
X

vOfvtmt'ft i v FM.
MODEM
NCDEM

SCQWDi<
SCOWDh
SCGWOiv
SCOW DIN
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 5

R^r——

i
MN
ram

Recycling
Location

MaplaOrova

Company

McCroasan
Johnson Blacktop

1
A
A

Capacity

400
600

Coat
$/lon

5070
N/A

i

X
X

3
.

11

X

i i Ac

1
X

capti

*

X

iMa

I
X

Conk

81
X

unkuvnm

I
X

Mte

!
X

Comments

<30,000 ppm TPH

Rat.

MPCA
MPCA

OHJLowettvMe

Wl
Wl
Wl
Wl
Wl
Wf
Wl
Wl
Wl
Wl

EauClalr
QroanBay
LakaDaHon
Madison
Moslnaa
Onalaska
NaMsvila
Supafior
Sussax
Wausau

Oannaro Paving A 600 3040 X X X X X X X X <20.000 ppm TPH

Eau dak AaphaN Corp
Payna ft Data
American Asphalt of Wisconsin
Plant n
Payna ft Dolan
Amarican Asphalt ol Wisconsin
Motiy Conabuefen Co.
Clark County highway Dapt.
Lakahoad Blacktop ft Malarial*
Payna ft Dotan
Amarican Asphalt of Wisconsin
Plant *9

A
A
A
A
A
A
A
A
A
A

ISO
400
100
200
ISO

faach)
1.600
N/A

430
400
ISO

4040
35100
3850
3540
3850
teach)
40-100

N/A

35-45
35-100
3850

X
X
X

X
X
X
X
X
X

X

X

X

X

X

X

X

"

X

X

X

X

X

X

X

No maximum TPH on app-
lications approved by DNR

<2'panicla diamalor
Majdnium TPM sufajscl to
Wl DNR approval

No maximum TPH

Wl DNR
Wl DNR
Wl DNR
Wl DNR
Wl DNR
Wl DNR
Wl DNR
Wl DNR
Wl DNR
Wl DNR
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 6

i R««ycNng
LocaMon 1 tMM0«

C«*t
Mon 3 i Comment*

Fort Worth Rtcydnf AMVHMVM 500 4050
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 7

V*00yCpft0 FACMlMO

1
(S
<3

Recycling
location

(ndopondonc*
WHchiU

Company

HwtondCwnw*
nHchM PMnnQ Co.

i
A
A

C«pMHy

300
350

C<Ml
t/lon

30-60
50^0

i
X

i
iI
4
1
I !]

X

i
AcCAOtAbiA Cotll̂ Mlill̂ trtj1 ! i 61 *I X! „

No nwMlmum TPH
< 2* dlMiMtor.
no haaw ctawi

R.I.

KSOHE
KSOHE

IC|H«II*M| iRtott Corporation A 200 400 X X X X X X X Soil RHMl contain c«Jdu<n,
flVrB îin^fM of Iran

•
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TABLE 3. LIST OF PERMITTED FACILITIES
REGION 10

I Ra«ycing i Capacity
torn/fey

Coal
I/Ion

Accaplabla Contaminant*

I 1 1 ComiiMnla H.I.

Anchor aga Alacfca (ntoralato Contkuclion N/A N/A ADEC

A/A EvaraM A**oc. Sand A Graval N/A N/A WA Dopl
ol Ecology

MA
JVA
AM

Kanmora Starting Aaphall 1.000 75 < 50 ppm TPH NADapt
ofEcotogy

Port Angala* SoohMal Pracatl Co. 650 35*0 <30.000 ppm TPH
Tacoma Woodworth A Co. 100 <30.000 ppm TPH

WADapI
olEeoJoo
WADapt
ol Ecology

010106
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TABLE 4. DIRECTORY OF RECYCLING FACILITIES

Recycling company
Facilitylocation/* Contact

o
o
1—IO

Talaphona

Aggregate Recycling100 Middle St.Portland, ME 04101
Alaska Interstate Construction
649 West 54th Avenue
Anchorage, AK 99518
American Reclamation Corp.
P.O. Box 263
Ashland, MA 01721
AmRec New Hampshire
RFD1
Box 330
Haveitiill, NH 03765
American Asphatt of Wisconsin
P.O. Box 1726
Wausau, Wl 54402
Anderson-CotumbiaEnvironmental
P.O. Box 1386
Lake City. FL 32056-1386
Bardon Trlmount
70 Blanchard Road
Buriington, MA 01894
Beede Waste Oil
P.O. Box 127
Plaistow. NH 03865
Brox Industries
85 G-eely St.
Hudson. NH

Norndgewock, ME

Anchorage, AK

Bill MKcheil

Dave Thomas

Chariton, MA George CamougisAlbany, NY • Frank Perry(See also AmRec New Hampshire.)
Bath, NH George Camougis(See also American Reclamation Corp.)

Lake Dttton, WlMosines, WlWausau, Wl
Jacksonville, FL

Shrewsbury, MAStoughton, MA

Plaistow, NH

Hudson, NH
Oracut, MA
Marlboro, MA

JimTryba

Mike McRae

David Peter

Bob LaFlanne

George HallErlk Stevenson

(207)634.3652

(907)562-2792

(808)624-7006

(508) 624-7006

(715)693-6200

(904)752-7585

(617)221-8400

(603)382-5761

(603)886-8077

' Exelustv* •g*rrt or broker
29
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TABLE 4. (continued)

Recycling company

CJL Mayor Paving

Facilitylocation/a

Orlando, FL

Contact

Frank Cox

Telephone

(407)848-0770
4978 McLeod Road
Orlando, FL 32805
Card! Construction Corp.
400 Lincoln Ave.
Warwick, Rl 02888
Cherokee Sanford Group, Inc.
1600 Colon Road
Sanford, NC 27330

Clark County Highway Dept.
801 Clay Street
Nefllsville, Wl 54456
Clean Berkshire*
86 S. Main St.
Lanesboro, MA 01237
Clean Earth of New Castle
P.O. Box 1049
New Castle, OE 19720
Continental Paving
1 Continental Drive
Londonderry, NH 03053
Crooker's
Cunnlngham Brick Co., Inc.
Route 2
Thomasville, NC 27360

Warwick, Rl

Bettsville, MOGuH, NCMoncure, NCNorwood, NC
Sanford, NC
NeHlsvllle, Wl

Steve Cardi, Jr.

Rocky Springer
DonGrkjg

Randy Anderson

North Adama, MA John Anthony
(Permitted to transport soil from N.Y. State)

New Castle, DE

Londonderry, NH

Brunswick, ME
Thomasville, NC

George Oalphon

ooO
O
O

(401)739-4300

(919)775-2121

(715)743-3680

(413)489-3060

(302)427-6633

Mark Charbonneau (603) 437-4387

See Harry Crooker & Sons
R. Cunnlngham (919)4724181

' Exeluttv* ag«nt or broker
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TABLE 4. (continued) or—tO
T——*O

Recycling company Facilitylocation/a Contact Tataphona

D'Ambra Conatmctlon800 Jaffarson Blvd.
Warwick, Rl 02887
DaCato Sand and Gravel
RFD15
Box52Concord, NH 03301
Earia AaphaK Corp.
P.O. Box 757Farmingdale, NJ 07727
Eau Clair Aaphatt Corp.
P.O. Box 326EauClalr, Wl 54702
Envfrotech
P.O. Orawar 72Chatham, VA 24531
Gannaro Pavara1721 Pine StWarren, OH 44483
Giant Raaourcaa Recovery
P.O. Box 352
Harteyvflle. SC 29448
Harry Crookar A Sons, Inc.Old Bath Rd.RFD4
Box 4079Brunswick. ME 04011
Johnaon Blacktop
2320 14th Avenue, NW
Rochester, MN 55901

Warwick, Rl

Loudon, NH

Jackaon, NJ

Eau Clair, Wl

Jenny Parker

Roger DaCato

. Walter Earle, Jr.R. Czameckl

Louie Thune

Frederickaburg, VA Richard Harris

Lowellvllle, OH

Harleyvflle, SC

Brunewickf ME

David GannaroFrank Naples

AlAaaro

Dick Morgan

(401)737-1300

(603)798-6462

(906) 667-6551
(906)938-6038

(715) 835*1858

(804)432-1901

(216)3944557
(216)8366125

(603)496.7676

(207)729-3331

Rochester, Royal J. Johnson (S07)2S4-1654

' ExckMlv* agent or brekw
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TABLE 4. (continued)

Recycling company
Facilitylocation/* Contact Telephone

o
o

Kary Asphalt, Inc.Eden RoadEden, MD 21822
Keystone Block Transport
P.O. Box 9
Temple, PA 19560
Lakehead Blacktop andMaterials of Superior
6327 Tower Avenue
Superior, Wl 54880

Eden, MD

Sinking Springs, PA

Superior, Wl

M&M Chemical & Equipment Co. Green Cove
1229 Valley Drive Springs, FL
Attalla, AL 35954 Trenton, GA

Brooks, KY
Norwood, NCHarieyville, SC
Santee, SC
Arvonia, VACascade, VA

Marriners, Inc.
P.O. Box 600
Rockport. ME 04856
Mathy Construction
915 Commercial CourtOnalaska, Wl 54650
McCrossan
7865 Jefferson Highway
Maple Grove MN 55369
Merrimack Timber Service
P.O. Box 359
Epsom, NH 03234

Washington, ME

Onalaska, Wl

Maple Grove, MN

Chichester, NHUttleton, NHHartland, VT

Steve Lambrose

Laura Lubahn
Alice Brown

Joe Klmmes

0. Burds

David AndrusGilbert Marriner

Jim KirschnerGall Jensen

Bob Dongoske

Jim Langille

(301)5434200

(215)926-6815

(715) 392-3844

(205)538-3800

(207)845-2313

(608)783-6411

(612)425-4167

(803)798-4557

' Exclusive •9«nt or brokw
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TABLE 4. (continued)
o

Recycling company
Facilitylocation/s Contact

O

Telephone

Meyer Paving
Payne fc Dolan
P.O. Box 781Waukesha,WI 53187
Recycling ARemativea, Inc.*
P.O. Box 1896Salisbury, MD 21802

Riedel Industrial WasteWaste Management, Inc.
22 North EudkJ. Suite 213
St. Louis, MO 63108
Rinker Materials Corp.
P. 0. Box 650679
Miami, FL 33265-0679
Rrtchle Paving Co.
P.O. Box 4048
Wtehita. KS 67204
Shotwell Precast Company
P.O. Box 2081
Port Angeles, WA 98362
Soil Reclaiming
P.O. Box 12248Sanford, NC 27331-1248
Soil Recycling
Technologies, Inc.*
3300 Chads St.
Baltimore, MD 21226

Orlando, FL
Green Bay, WlMadison, WlWl
Birmingham, AL
Chestertown, MO
Exmore,VA
Richmond, VA
Fort Worth, TX
Hannibal, MO

Miami, FL

Wtehita, KS

Port AngeleSt WA

Sanford, NC

Flnksburg, MD

See CJL Meyer Paving.
Kurt BechtnoU (414) 824-1786 ,

Don MKehellJerry Turner

Robert Schreiber

Dave Marple

Jim Jordan

J. Shotwell

W. Womom

Joe Connor

4IO(804) MO-0268

(314)361-3838

(305)221-7646

(316)838.9301

(206)467-1417

(919)7744077

(301)

• Exclusive •gwrt or broker
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TABLE 4. (continued)

Recycling company
Facilitylocation/a Contact Telephone

o1—Io

Soil RecyclingTechnologies, Inc.*
3300 ChikJS St.Baltimore, MD 21226
Soil Safe, Inc.4600 E. FayetteBaltimore, MO 21224
Sonas Systems of Florida
P. 0. Box 7387
Tallahassee, FL 32314
Southeastern Soil Recovery, Inc.
P.O. Box 70253Charleston, SC 29415
Sterling Asphalt
6431 NE 175th
Kenmore. WA 98028
Tacoma, WA 98421
Tllcon Maine, Inc.
P.O. Box 209
Fairfieid, ME 04937
Trimount

Woodworm & Company
1200 East D. St.Tacoma. WA 98421

Flnksburg, MD

Baltimore, MO

Tallahassee, FL

Charleston
Heights, SC

Kenmore, WA

FairfleM, MEMedway, ME
Portland, ME
Shrewsbury, MAStougrrton, MA
Tacoma, WA

Joe Connor (301)

Walter Kennell

George Atkins

Bob Wlllms
Reid Banks

Sam Johnson

Rhaeto PfiaterDave Bess
Jonathan Oaks
See Bardon Trimount.

Mike TollkuehnJohn Woodworth

(301);

(904)57S4102

(•03)S6*.7065

(206)4854667

(207) 7464391
(207)74t-6636
(207)670-9973

(206)

• Exclusive «9«nt or broker
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SECTION 4
CONCLUSIONS

CONCLUSIONS DRAWN FROM THIS STUDY:
o This study identified 77 facilities in the U.S. that recycle petroleum-contaminatedsoil into marketable products. They are not, however, evenly distributed amongthe 10 EPA regions or the 50 states.
o More than half of the recycling facilities (41) are located in Region 1 and Region4 (22 and 19, respectively). Region 5 has thirteen approved facilities; Region 3,eleven; and Region 10, five. The remaining'facilities are spread among the other

five EPA regions.
o Most facilities in this study accepted soil with all six typical contaminants (gasoline,kerosene, diesel, fuel oil #2, fuel oil #4, and fuel oil #6).
o Hot mix asphalt appears to be the most commonly manufactured product at thesefacilities. Other commonly used technologies are cold mix asphalt, aggregate,hydraulic cement, and brick.
o Regulations and requirements pertinent to recycling of petroleum-contaminated soillie almost entirely within the jurisdiction of individual states. They vary significantlyamong the various states.
o The cost per ton for recycling petroleum-contaminated soil ranged from a low of$25/ton to a high of 5100/ton. The majority of the plants surveyed reported a highof $SO/ton.

rn
T——I
l—Ho
T——<o
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hezavalent chromium, nickel, and complex cyanides from
electroplating operations into an unlined landfill and lagoon
(21 ER 12S7).This practice, EPA said, provided "a probable migrationpathway" for the chemicals to migrate into ground water, the
Little Calumet River. Burns Ditch, and Lake Michigan. The
landfill and lagoons. EPA said, abut Indiana Dunes NationalLakeshore.Bethlehem said it believed that neither the landfill nor thelagoons presented any risk of harm to the environment.

Air Pollution
OPT-IN PROPOSAL ANNOUNCED BY EPA TO ALLOW
NON-UTILITIES INTO ACID RAIN TRADING PROGRAM
Industrial sources of sulfur dioxide emissions other than

utilities would be able to cash in on the financial opportunitiesof the acid rain trading program under a proposal announced
Sept. 8 by Environmental Protection Agency Administrator
Carol M. Browner.The opt-in program rules for non-utilities set no caps and
do not force any reductions over time, according to JulieRosenberg, an official in EPA's Acid Rain Division. Rather,
the program is a way to add flexibility and reduce the costs of
the existing allowance trading program.She said the proposed rules would apply to combustionsources and process sources, those that emit sulfur dioxide
during the processing of a product.The agency would rely on an emissions baseline deter-
mined from the facilities' emission averages in 1985. 1986,
and 1987. Rosenberg said. The company would submit itsemission data from those years to EPA. which would then
evaluate them to ensure they are credible and quantify them."There would be no limit on their emissions." Rosenberg
said. "They would get allowances equivalent to their baseline."Under the existing acid ram program, utilities are required
to meet specific emission limits in two phases to achieve an
overall goal of cutting sulfur dioxide pollution 10 million tons
from 1990 levels by 2000.

In phase I of the program, 110 of the oldest, dirtiest units
must meet SO. emission limits specified in the Clean Air Actbeginning in 1995. By 2000, when phase II begins, the rest of
the utilities will enter the program and will be subject tolimits set by the agency.Emissions are gauged in terms of allowances, which equal
one ton of sulfur dioxide. By setting only a cap, the Clean AirAct allows utilities to decide for themselves how to meet it.One way is to control emissions. Another is to buy allowances
to cover any anticipated excess emissions.The opt-in program, by making more allowances available,
could enable utilities to increase their emissions, Rosenbergsaid. However, she added that the increase would be offset by
decreases in the other industries.Because the program is entirely voluntary, and no reduc-tions are required, the only incentive, Rosenberg said, is
financial.In the event that a plant has already reduced its emissionsince the mid-1980s, from which the baseline is taken, EPAwould then allocate the allowances based on the lower emis-sion levels, Rosenberg said.At most, she said, the program is expected to bring about an
additional 500.000 ton reduction in sulfur dioxide emissions.

She said the proposal will be published in the Federal
Register soon.

Hazardous Waste
"RECYCLING TJ?AT PAILS TO SATISFY RCRA
WOULD BE AU.OWE0 UNDER AGENCY PROPOSAt
Environmentally beneficial hazardous waste recyclingwould be allowed to continue without meeting the full re-quirements of the Resource Conservation and Recovery Actunder an Environmental Protection Agency proposal an-nounced Aug. 31.
The proposal was included in a proposed rule addressingphase II land disposal restrictions for hazardous waste. Theproposal also incorporated the first phase of an Aug. 24

settlement agreement on the remanded issues in the"third-third" lawsuit.
The recycling modifications were proposed amid ongoingnegotiations among EPA, industry, and environmental

groups on how to revise the definition of solid waste to abolishdisincentives to recycling.
The Definition of Solid Waste roundtable met Aug. 30-31 inChicago, one of many meetings scheduled before the end ofthe year. An EPA task force was expected to sift through the

issues of the roundtable and develop a proposal in early 1994.
In the Aug. 31 proposal. EPA said it would broaden the"closed-loop" recycling exclusion from the definition of solid

waste to allow residues from a secondary process to be
reinserted into the manufacturing process without priorreclamation.

EPA said the proposal to broaden the closed-loop exclusionwas justified in the wake of two court opinions on the subject:
American Petroleum Institute v. EPA (906 F2d 729, 31
ERC 1667. CA DC. 1990) and American Mining Congress v.
EPA (907 F2d 1179. 31 ERC 1035. CA DC, 1990), also known
as AMC II.

These two cases gave the agency some discretion in decid-ing how secondary materials should be managed.
The agency acknowledged the work of the Definition ofSolid Waste roundtable and said it plans to consider broaderchanges later.
As expected, the first phase implementing the thirdthird

settlement agreement and the mega-deadline settlementagreement were included in the Aug. 31 proposed rule.
Wastes that exhibit 10 percent or greater total organic

carbon at the point of generation and certain pesticide wastes
toxic at the point of generation would be prohibited frombeing managed in Class I non-hazardous underground injec-tion wells without treatment standards, according to theproposal.

EPA agreed to propose this prohibition in the third-third
settlement agreement with the Hazardous Waste TreatmentCouncil and three environmental groups (Chemical Waste
Management v. EPA, CA DC, 90-1230. 8/24/93).

A settlement agreement with the Environmental DefenseFund on the mega-deadline suit also required that the agencyaddress land disposal restrictions for chlorinated aromatic
wastes, coke by-product wastes, and organic wastes exhibit-ing toxicity that are not managed in surface impoundments,Class I injection wells, or zero-discharge facilities (EDF v.
EPA, DC DC. No. 89-0598, 8/12/93) .

All the above provisions were attached to the long-awaited
proposed rule on Phase II land disposal restrictions, required
under the 1984 Hazardous and Solid Waste Amendments.

The 382-page proposal also contains alternative standardsfor soil contaminated with prohibited hazardous wastes thatwill encourage the use of non-combustion treatment technol-ogies in treating contaminated soil.
9-10-93 Copyngnt o 1993 by Tha Bureau of National Affairs. Inc.. Washington. O.C.
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CURRENT DEVELOPMENTS 847

Universal treatment standards also were proposed, a moveto require all waste streams to be treated with best demon-strated available technology, rather than risk-based treat-ment standards.Chemical Manufacturers Association officials are interest-ed in the dilution proposal, but are more concerned that theywere not part of the settlement agreement between EPA andthe treatment council.Walter McLeod. CMA pollution prevention manager, saidthe association has concerns that HWTC stands to benefitfinancially from the third-third settlement agreement, whileCMA members could be disadvantaged with having to complywith different, more stringent waste management standards."We are very concerned about not being at the negotiatingtable," McLeod said.As for the contents of the injection well proposal, few CMA
members would be affected, McLeod said. Wastes with 10percent total organic carbon at the point of generation usual-ly are not injected into wells, he said.EPA plans to allow 60 days for comments to be submitted
to EPA RCRA Docket (OS-305), EPA, 401 M St. S.W., Wash-
ington, D.C. 20460. The docket number is F-92-CS2P-FFFF.More information is available from the capacity branch of
the Office of Solid Waste by calling (703) 308-8440. Technical
information on the recycling provisions can be obtained by
calling (202) 260-8551.The proposal will be published in the Federal Register,
EPA said.
Enforcement
FOUR APPROACHES PROPOSED BY TASK FORCE
IN EPA ENFORCEMENT REORGANIZATION PLAN

Four proposed approaches to consolidate enforcement
within the Environmental Protection Agency were presented
Sept. 2 to EPA Administrator Carol Browner.An early draft of the task force report outlined three
organizational approaches. However, the final report includ-
ed four options and also presented advantages and disadvan-tages of keeping several functions within program offices,rather than shifting them to an enforcement office.In announcing the decision July 22 to reorganize the Office
of Enforcement, Browner said the move was necessary toreturn authority to a single office, rather than dividing itamong program and regional offices, as was done in the
Reagan and Bush administrations (24 ER 547).The final report from a 40-member task force made fewrecommendations but analyzed several options.The four approaches outlined in the report are:* Media approach, organizing enforcement by media-water, waste, toxics and pesticides, air, and multimedia
offices;> Economic sector approach, segmenting enforcement by
energy and transportation, manufacturing, and other eco-
nomic sectors;» Functional approach, dividing enforcement by enforce-
ment policy, compliance assurance and evaluation, litigationand administrative action, and enforcement capacity build-
ing, with these offices further divided along media lines; and> Bio-resource approach, separating enforcement by coast-al areas, land resources and watersheds, and urban areaoffices, with each office further segmented by media.Under this approach, a media program office would also becreated to develop legislation and regulations and coordinate
overall activities.

Functional Approach Added Aa Option
The functional approach was not included in earlier draftsand was added to present an option based on establishedareas of enforcement activities, EPA said.Many elements are common to all options. For instance, allhave a staff office of Resource Management and Administra-tive Support to handle budget, extramural resource manage-ment, training, and other functions. All would include anenforcement capacity office, to include the National Enforce-ment Training Institute and liaison with national organiza-tions of state, tribal, and local officials. Also, a separateoffice of criminal investigations would be established underall approaches.The report presented the advantages and disadvantages ofkeeping several elements within the program offices.These are: the remedial programs currently in the Office ofSolid Waste, and include superfund. Resource Conservationand Recovery Act corrective action, leaking undergroundstorage tanks, and Oil Pollution Act; elements of the wet-lands, underground injection, and ocean dumping programscurrently in the Office of Water and the Mobile SourceOffice's enforcement elements currently in the Office of Air

and Radiation.The report also said some activities in the Office of En-
forcement are not entirely enforcement and could be movedout of the office, such as activities involving the National
Environmental Policy Act. Indians, and contractors.A preliminary decision is expected by Browner the week ofSept. 20. and a management decision team should be createdto determine structure and make detailed decisions on imple-menting the transition, EPA said.

At the July announcement. Browner said the transitionshould be completed within 90 days. EPA sources said thenthat the only confirmed assistant administrator affected bythe plan was Stephen Herman, head of the EnforcementOffice, which would gain staff through the change.
Sources said Browner could face difficulties in strippingother assistant administrators of staff. A similar proposalwas presented to the Bush administrator but blocked within

EPA.

Budget
SENATE PANEL ADVANCES MEASURE TO PROVIDE
$6.7 BILLION FOR AGENCY IN FISCAL 1994

A Senate appropriations subcommittee Sept. 8 approved abill (HR 2491) that would provide the Environmental Protec-
tion Agency $6.67 billion in fiscal 1994.The funding would be included in a bill to provide $87.94billion in fiscal 1994 for the Department of Veterans Affairs,the Department of Housing and Urban Development, andother independent agencies, including EPA.

EPA's fiscal 1994 funding would be approximately $253million lower than the fiscal 1993 appropriation. The budget,however, would be $308 million greater than the Clintonadministration's request and $39 million more than the levelapproved by the House (24 ER 379).Sen. Barbara Mikulski (D-Md) said during the markup thatlower-than-usual funding and increasing demands forced thesubcommittee to "make tough and sobering choices."The Senate Appropriations Subcommittee on VA, HUD, andIndependent Agencies made several modifications to the
House-passed version of HR 2491.The full Senate Appropriations Committee was scheduled
to consider the bill Sept. 9.

9-10-93 Environment Reporter
0013-9211 /M/M+S1.00
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Appendix D
Pilot Test Photographs
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1. PILOT TEST AREA - SOIL STAGING PAD IN FOREGROUND. PROCESS FEEDCONVEYOR ON LEFT. WASHED SOIL DISCARD CHUTES ARE IN FRONT OF BOBCAT ANDBACKHOE.

SWACO SOIL WASHING UNIT - LEFT TO RIGHT: FEED CONVEYOR DISCHARGES
INTO PUG MILL, PUG MILL DISCHARGES INTO 1" VIBRATORY SCREEN (CLASSIFIER), MIXTANK AND SLURRY CIRCULATION/FILTRATION TANK IN BACKGROUND, 10 MESH VIBRATORYSCREEN IN LEFT FOREGROUND (SCALPER), SUPER SHAKER SCREEN, MUD CLEANER
SCREEN WITH HYDROCYCLONES AND CENTRIFUGES 1 AND 2 FAR RIGHT.

Dames & Moore
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3. TEST SOIL BEING PLACED ON 8" STATIC BAR SCREEN (GRIZZLY).

4. OVERSIZE DEBRIS REMOVED FROM THE TEST SOIL BY THE GRIZZLY AND BYHAND-PICKING.

Dames & Moore
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5. SUPER SHAKERSCREEN (TOP PHOTO)WASHED SAND BEING
SCREENED TO REMOVE
ROUGHLY 150 TO 200
MESH PARTICLES.

CENTRIFUGE NO.1 & 2 DISCHARGE(LEFT PHOTO) -
WASHED FINE SOIL
(ROUGHLY -175 MESH,
4-325 MESH) AS IT
IS DISCHARGED FROM
THE CENTRIFUGE.

Dames & Moore
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7. FLOC BOX - FLOCCULANT INJECTION SYSTEM FOR REMOVAL OF SUSPENDED SOLIDSFROM THE WASH WATER. INJECTION PUMPS IN LEFT FOREGROUND, DEWATERINGCENTRIFUGE IN CENTER, AND THE CLARIF1ER/SETTLER IS BELOW THE GRATING.

8. FLOGGED SOLIDS ARE DISCHARGED FROM BELOW THE DEWATERING CENTRIFUGE.POLYMERS AND COAGULANTS ARE ON DRUM RACK AT RIGHT.

Dames & Moore
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VACUMM SKIMMER REMOVES EMULSIFIED AND PARTICULATE MATTER FROM THE
SURFACE OF THE QUIESCENT ZONE IN THE SLURRY CIRCULATION/FLOATATION TANK.

10. WASH WATER STORAGE TANKS (FRAC TANKS) ARE AT RIGHT.

Dames & Moore
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Appendix F
Daily Field Log Notes
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ant Surface, and is sewed with Nylon Water-
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FORMULAE FOR SOLVING RIGHT TRIANGLES
5 1*

ZS^^ a ^^^ \£
A ̂  b C b

Sin/l= — =Cos5 Cot/* = — — Tan 5c a
Cos^= — =Sin5 Sec A «* -7- ~ Cosec Bc b
Tan .4= — = Cotfl Cosec A — — «• Sec 5

-•..... T .„.....,; cntiition
. 4 . c
A,b
A. a

a,c

a,b

P r, '*

B , a , c

B . b . :

A.B.b

A.B.c

P =on«_^ .a = Csin/l, fr = Ccos^.

' cos A.
* = 90" — A, b = a cot A, C = : — "sm^.
sm A =» — , cos B »• — , b «• \(c + «) (c— a)c c
tan .4 =7-,cot5"«~,c= Y/«J + **& &

FORMULAE FOR SOLVING OBLIQUE TRIANGLES
Given Required Solution

A.a.b

A, B,a.
a.b.C
•1, 0, C

A.b.c

A.B,C,a

^

B.c

b
A,c

Area

Area

fl = ^ sin /if __ as inC
a ' sin ^4

. a sin B
tin A

A + B _ 180. __ c c — a»«nC
. _ L _ -

siue •"• "••— . i rea-^V-t^ — <*) {S — b)(s — c)z
ic sin /I

•r sin 5 sin C
2 sin /i
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t 2» < t

t. > i • t•»• ^ 7^ -,̂ t- <^ \ } 1 ; I s. L l> t >vi s1 +

^
>

c
i. ^ ^ \ «.

}' ^ r̂ 5^ (1 >- :< (J-- .

^ 
1 1 ! 

.
J 

.- I

l| V c ... ^ 'j l i •>\ .-

.̂ H '/: i . i ..j 
....

! 
i

•^ ***, . i

^ ! > i < i < ^

i-f •1 *' 
*

\- M __? ^ 
i L

1 
<

' P̂
* > : 't • ! h \ * i

]
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i iii

010191



; I

010192



-.}•» 1

• v^paJZjp^T* - ITT*)? "^^ **• ^r-- }r~ ̂

Q& -^^-?-"-
r
^
>
^
/

*&;̂5au4

010193



ON
1——I
O1—<o

010194



J

* X

o»—»
o

010195



96101 0r rv/l 
\A

'u•nu

4 
*M

-i'
V

 
' 

1-i
4

^ 
> . _-•' O

^ -•

S i I o -^
1 

M
 a. ^

i? ni *ti
h 4

^^
O 

v2 V/, \A _Q CA
 

V

°o t
8..S2- cO

010196



Ltaw> . ~\W--.1
 Sv

^rr) -ajt

010197



I &G0- £i«.<i*xe<i

010198



I "TO —— *_£»«2__Z_^
— — —

— ̂

y»

010199



_ rve^-A -C^TxV— J

010200



YFi*'?' c v c^> ^>Y'gî_ •
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Appendix G
Response to EPA Comments, December 16,1993
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Response to EPA Comments *-H
SoU Washing Pilot Study Report °
REV O December 16, 1993

Beazer South Cavalcade Superfund Site

EPA Comjuejit
We could not draw any conclusions regarding the SWACO process because we did not find a
correlation of the influent cPAH concentrations to effluent cPAH concentrations or a mass
balance (In the RDWP, "TreatabiUty Study Work Plan", BEI agreed to perform a mass balance,
page 4-14). Concentrating contaminants into a soil fractions) is a fundamental soil washing
objective; however, from the data BEI submitted, we could not conclude that contaminants were
concentrated into any soil fractions). Please further explain how BEI selected the proposed
aggregate classification shown on Figure 5.

The difficulties in obtaining reliable starting soil concentrations is discussed hi
Section 5.2.1 of the PSR. In response to your comment, we have prepared three
additional tables to present before and after data as described below.

Table 7: Before and after concentrations of the soil after washing by
SWACO. Based on calculated composite concentrations using
the lab data for the individual soil fractions.

Table 8: Before and after concentrations of the individual soil fractions.
Resulting concentrations for SWACO's washed soil and
Hazen's "floated" soil are presented.

Table 9: Before and after concentrations of the individual soil fractions
associated with SWACO's Test Runs E, F, and G and with all
of Hazen's gravity separation tests.

As required by the RDWP, mass balances were performed. Three treatment
scenarios were compared and the mass balances are presented as Figures 6, 7, and
8 in Appendix B of the PSR. These mass balances were used to select the preferred
treatment flow scheme shown in Figure 5, Revision 0 (attached). As further
response to EPA's question about mass balance, a mass balance has been prepared
for SWACO's Test Run E (Figure 12) as an example of what the SWACO tests
produced.

b:EPACOM.doc\Beutr2 1
DAMES & MOORE
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EPA Comment No. 2

We did not find where the report described the management and disposal of all contaminated
material such as oversize debris, gravel, soil extracted during each process. In the 30% design,
please specifically describe how material will be managed and disposed of. Is it BEI's intent to
use all contaminated soil fractions in a cold mix bituminous paving mixture?

The management and disposition of the debris, gravel, and other washed soil fractions,
discussed briefly in Sections 6.9 and 6.10 of the PSR, will be further addressed hi the
30% design phase. In response to your comment, we have revised Figure 5 (attached)
to indicate the destination for each stream. The coarse aggregate (minus 2V&", plus %"),
washed aggregate (minus V4", plus 10 mesh) and froth solids fractions are proposed to
be used in a cold mix bituminous asphalt mixture.

EPA Comment No. 3
Reference Table 1. Why was the gravel fraction not included for sample SC-PW-2?

The gravel fraction was inadvertently omitted. The missing data is provided below and
the revised Table 1 is attached:

Sample ID SC-PW-2(+10)
Sample Description Pile 2 Gravel
Total Pot. cPAH (ppm) 1240
Weight % 79

EPA Comiftent No. 4
Reference Table 5 and 6. Does the "pile number" in Table 5 correlate to the "run number" in
Table 6.

Ten test soil piles were created during the test soil excavation for use hi the soil wash
pilot testing. Due to varying quantities of oversize materials in some of the piles, the
piles were grouped as noted below for the test runs to ensure sufficient soil entered the
process.

Run A Piles 3 & 6
Run B Pile 5
Run C Pile 9
Run D Pile 7
Run E Pile 8
Run F Piles 1 & 10
Run G Piles 2 & 4

b:EPACOM.doc\B«uer2 J DAMES & MOORE
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OF.PA Coimmeiiit No, 5 "-*vi rr, vviiHiiiWM nvt tf o

Reference Section 5.1.1, "Particle Size Distribution". We are not sure we agree with BEI's
conclusion regarding the "skewed" results shown in Figures 8, 9 and 10. Please further explain
the significance of Figures 8, 9 and 10.

We believe Figures 8, 9 and 10 graphically present the problem of attaining accurate
data from the pre-washed soils. Figures 8, 9 and 10 present a comparison of the pre-
washed and washed soil particle size fractions. The pre-washed soils vary significantly
in particle size distribution from the washed fractions. We feel that the particle size
distribution of the pre-washed soils is skewed due to the tarry nature of the soil and its
tendency to agglomerate. Sieving of this material was very difficult and unreliable.
Consequently, we believe the data generated from the pre-washed sampling, including
soil fraction weight distributions and analytical data, should be used with caution. We
believe the washed fractions yield more accurate data and the remedial design process,
civil and mechanical activities will be based on this data.

EPA Cpnffipenf No. 6
6a. Reference Section 5.2.1, "Pre-Washed Soil". During full scale operation, will BEI

characterize feed soils as described in Section 5.2.1? Also, please explain how BEI will
ensure the difficulties encountered during laboratory testing will not be repeated.
No, Beazer will not characterize the soils from the full scale operations as performed
for the pilot study. No sieving will be performed and feed soil analyses will likely
be performed only when necessary, using field test kits or an onsite laboratory. The
details of the sampling and analytical procedures will be presented hi the RD
submittals. Analysis of the washed soils was not difficult as noted in Section 5.2.1.

6b. Please further explain why the report concludes that the " . . . . analytical data from the pilot
testing demonstrates that many of the washed soils meet ROD goals...," reference the last
sentence on page 16. Since it does not appear that a mass balance was performed, how
was the fate of the contaminants accounted for? Since there is no correlation to the
influent concentration, is it possible that the results indicate that there may not have been
any real contaminate reduction in any fraction?
The most important data used in our concluding the success of the tests is presented
in the new Table 8, in the last two columns. These data show the significant
reduction of COC's from the SWACO washed material after floatation tests by
Hazen. Potentially cPAH reductions of 70% to over 90% were achieved hi the
floatation tests. Also, as noted in our response to EPA Comment No. 15, three mass
balances were performed on alternate process flow schemes as presented in Figures
6, 7, and 8 of Appendix B. Contaminant fate and reduction of constituents is
presented in Figures 6 and 7 of the PSR, in Appendices C, D, and F of Appendix B,
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tNOin Table 4 of the PSR, and now in new Tables 7, 8, and 9 prepared in response to 3EPA Comment No. 1.
EPA Commflit No, 7
Reference Figure 4. We do not approve of the areas proposed for loading dock and conveyors.
We have not confirmed that these areas are free of contamination since the limits of the
contaminated soil were arbitrarify set halfway between contaminated and uncontaminated
sampling points. We will require BEI to relocate any equipment or material which prevents the
excavation of contaminated soil.

The conceptual layout presented hi Figure 4, Rev A of the PSR represents the concept
of efficient transport, minimized traffic, minimum labor, and keeps heavy equipment
and unwashed soil handling hi the areas closest to the impacted areas. These same
concepts will be used hi the final site design, but may result hi a different configuration.
Regarding delineation of the impacted areas, D&M is currently preparing
geostatistically generated delineation maps using the 265 soil data points produced
during the RI. The geostatistical mapping will be performed using Theissen polygons
as well as indicator probabilities to produce delineations of total cPAH's at three depths
(0' to 2% 2' to 4% and 4' to 6').
The geostatistical delineation maps will be used to produce excavation plans for the RD.
The site layout can then be finalized based on these pre-defined excavation cut lines.
We will not locate equipment and materials in the excavation areas.

EPA Comment No. 8
Reference Figure 5, "Proposed Full Scale Process Flow Diagram". Please revise the diagram
to show the expect cPAH concentration for each flow stream. It was not clear to us which of
the debris and aggregate piles remain contaminated and how contaminated these piles are.

Figure 5 has been revised to include our anticipated potential cPAH concentrations hi
each stream. This figure has also undergone general revisions reflecting revised weight
percent solids concentrations on various streams and an optional 80 mesh wet vibratory
screen process. We feel this revised flow diagram more closely reflects what will be
observed hi the full scale remedial action. Note that the starting concentration of the
feed soil is a "worst case" value.

RPA Comment No. 9
Reference Section 6.3, "Proposed Soil Washing Equipment Train," page 22. Please describe
how the slurry discharged to the "55-gallon drums" will be reused.

b:EPACOM.dac\Baw2 / DAMES & MOORE

010220



The froth solids slurry discharged from the settling tank bottoms will be reused in an
asphalt emulsion. The selection of containers for this material will be finalized by the
RA Contractor during RD. Please refer to our response to EPA comment no. 12
regarding our position on the use of this and other soil fractions in a cold mixed asphalt.

Comment No. 10
We did not find where the washed soils were tested for leaching potential. In the RDWP, page
4-14, BEI agreed to perform TCLP tests.

No TCLP tests were performed as part of the soil washing pilot test as indicated in
Table 1 of the EPA approved Pilot Soil Washing Sampling and Analysis Plan. This
deletion of the TCLP tests is fully supported by the results of the RI, wherein 265 TCLP
tests were performed on the soil samples and none failed TCLP criteria.

Cpfument No. 11
Reference the Hazen Research, Inc. report, Page 10. Request you further explain the data
presented on Figure 2. Specifically, please provide an example showing how each of the data
points was calculated. It was not apparent how the points on the graph correlate to the data in
Appendix F.

The data presented in Appendix F, Tests 1 through 4, are presented in a graphical
format in Figure 2. The floatation froth or recovered concentrate (Ro. Cone.) was
collected at 5, 15 and 25 minute intervals during the run. The froth weight percent
solids and pot. cPAH concentration were determined for each period. The data points
graphed are simply cumulative values of the weight percent of the feed soil recovered
in the froth (wt %) versus pot. cPAH concentration recovered. The following are the
three data points for the Test 1 curve.
Data Point Tune (min.) Cumm. Wt% of Feed C^ffi, % Pot- cPAH
1 5 25.9 (in froth) 43.5
2 15 38.7(25.9-1-12.8) 72.4(43.5+28.9)
3 25 47.4(38.7+8.7) 81.8(72.4+9.4)
The floatation data is the most important evidence presented in the PSR demonstrating
the effective removal of potential cPAHs from the impacted soil sand fraction. The
mechanical floatation bench scale tests indicate that from 50 to 90 percent of the
potential cPAHs can be removed from the sand and silt fractions and concentrated in
a floated froth.
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EPA Comment No. 12 O
Reference Appendix C, "Recycling of Rock and Gravel". We commend your efforts to propose
innovative disposal alternatives; however, we must be assured that any disposal meets the
requirements of §300.430, "Remedial Investigation/Feasibility Study and Selection of Remedy",
Paragraph (a) "General" and Paragraph (e) "Feasibility Study", subparagraph (Q "Long-Term
Effectiveness and Permanence". Paragraph (a) states "The purpose of the remedy selection
process is to implement remedies that eliminate, reduce, or control risks to human health and
the environment" and Paragraph (e) subparagraph (C) states "Alternatives shall be assessed for
the long-term effectiveness and permanence they afford, along with the degree of certainty that
the alternative will prove successful". Unfortunately, we do not believe that there is any means,
over time, to prevent traffic from stripping the binder from the aggregate and releasing cPAH.
Therefore, since permanence is not assured, we will not allow recycling contaminated aggregate
into a cold mix bituminous paving mixture as a means to dispose of contaminated soil.

What is critical to the successful application of soil washing at the South Cavalcade site
is recognizing that the process is most effective on the sand and silt fractions which
make up a total average of 58 wt.% of the test soils. This 58 wt.% washed soil will be
returned to the excavation as specified in the ROD. An additional 13 wt.% was present
as clays in the test soils, 9 wt.% as gravel, 13 wt.% as rock and shells, and 7 wt.% as
debris. These fractions totalling 42 wt.% cannot be returned directly to the excavation.
From these values it is evident that economical management of the remaining 42 wt.%
of the soils is paramount to implementing a feasible remedial action. The proposed
asphalt recycle option is based on this need for feasibility, combined with sound
engineering judgment regarding asphalt design.
Regarding the permanence of the recycled asphalt and the binder it is important to
understand the similarity of traditional asphalt components and the proposed recycled
aggregate at the site. Both are produced from fossil fuels. Typical asphalts are a
residual product of crude oil processing and are produced as "bottoms" (heavy
hydrocarbon chains) in catalytic cracker columns and distillation columns in refineries.
Typical bottoms fractions from the refineries are used a fuel oils and asphalts, and are
heavily laden with PAHs. Typical feedstocks for wood treating operations are crude
coal tars from coke plants. The crude coal tar is a residual material produced in the
coke plant from the thermal distillation of coal.
From information on the feed stocks and associated by-products from crude oils and
coal tars it is evident that the components of asphalts used throughout the country for
highway construction, parking lots, roofing, etc., are similar to those present in soils at
wood treating plants such as the South Cavalcade site. Further, most highways are hot
mix asphalts which use stoddard solvents to shorten cure times. The proposed recycle
process employs cold mix technology whereby a water based asphalt emulsion is used
hi lieu of solvent based. Consequently, because of the absence of solvent additions to the
asphalt emulsion, the risk imposed by the recycled material is as low or lower than the
typical asphalt parking lot.
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Regarding the EPA's concerns on the effects of aging, it is again important to compare
typical asphalt with the proposed recycle plan. The primary indicator for asphalt
integrity is the Marshall Stability Test. Cold mix asphalts such as proposed for the
recycled material produces asphalts with 125 to 150% higher Marshall Stability resultsthan hot mix asphalt.
To further ensure permanence of the recycled material, Beazer is evaluating final use
options that minimize long term degradation of the paving made from the recycled
aggregate. Options being considered include subgrade preparation for the access road
at the site, paving the area around the water treatment plant, and use as paving for
recreational uses rather than truck traffic.
Beazer is also evaluating alternate management such as landfilling the material offsite
and biota-eating the material on site. Beazer will issue a letter to EPA presenting the
preferred management method prior to the 30% RD submittal and invite EPA's
comments and input.
In summary the following items support the proposed recycling plan:
• Soil washing is not a feasible solution without the recycling option.
• The recycled material is of the similar origin as the typical highway asphalt.
• The proposed cold mix process does not use the addition of light end solvents found

in hot mix asphalt used predominantly in highway construction.
• The proposed cold mix process produces a more durable (higher Marshall Stability)

asphalt than typical hot mix processes.
• Beazer will submit a description of the preferred use/disposition of the recycled

material to the EPA prior to the 30% RD submittal to ensure concurrence.

EPA Cofnment No. 13
During the March 25, 1993, "Operations Progress Meeting," BEI agreed to provide a log of

daily events as an appendix to the pilot study report (March 30, 1993, Memorandum "South
Cavalcade Superjund Site, Site Visit and Pilot Plant Construction and Operations Progress
Meeting, March 25, 1993"). We did not find such an appendix included with the report.

A copy of the D&M daily field log is attached as requested.

TNRCC Comment No. 1
Section 3.2, "Test Soil Excavation", Paragraph 1. Referenced Figures 3-1 and 3-2 do not exist.
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These figures can be found in the Keystone Soil Delineation Report of August 1992 and oare attached for reference.

TNRCC Comment No. 2
Section 5.2.2, "Washed Soil", Final Paragraph. Please specify which sample
discards/discharges were used to measure the different soil classification categories.

Scalper Discharge (SD) Washed gravels were discharged as oversize material
from the scalper shaker (approximately minus 1", plus
10 mesh)

Super Shaker Discharge (SSD) Washed sands were discharged as oversize
material from the SS screen (approximately
minus 10 mesh, plus 150 mesh)

Mud Cleaner Discharge (MCD) Washed sands were discharged as oversize
material from the MC screen (approximately
minus 10 mesh, plus 150 mesh)

Centrifuge Discharge (C1/C2) Fines were discharged as solids from the centrifuge
(approximately minus 150 mesh, plus 325 mesh)

Dewatering Centrifuge (DWC) Fines were discharged as solids from the
centrifuge (approximately minus 325 mesh)

TNRCC Commit No. 3
Section 5.3.1, "Characterization", Paragraph 1. Change "Ph" to "pH".

Acknowledged

TNRCC Comment No. 4
Section 5.5, "Hazen Equipment Performance, Paragraph 1. It is difficult to determine the total
number of test runs that were conducted from the information provided in the Hazen Appendices.
Please provide the total number of test runs conducted and contrast these numbers with the
numbers of test runs that produced "clean" soils.

Hazen Research performed additional bench scale testing of various washed soil
fractions to determine the effectiveness of heavy medium separation, spiral
concentration, emulation and froth flotation. The following is a synopsis of the tests
performed by Hazen.
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Test Performed
Heavy Medium
Heavy Medium
Heavy Medium

Spiral Concentrator
Spiral Concentrator

Spiral Concentrator

Elutriation

Floatation
Floatation
Floatation
Floatation
Floatation
Floatation
Floatation
Floatation
Floatation
Floatation

Run No.
1
2
3

1
2

3

2

1
2
3
4
5
6
7
8
9
10

Soil Fraction
Rock
Gravel
Gravel

Sand
Sand

Sand

Sand

Fines
Fines
Fines
Fines
Fines
Fines
Fines
Fines
Fines
Fines

Result
Clean
Clean

Clean (both sink and
dense float material)

Clean
Clean (both concentrate
and middlings)
Clean (both concentrate
and middlings)
Clean, however, method
was not as effective in
removing pot. cPAHS
from sand as floatation.

Clean
Clean
Clean
Clean
Clean
Clean
Clean
Clean
Clean
Clean

10fN<NO

Note: "Clean" results indicate analyzed pot. cPAH concentrations less than 700 ppm. Please
refer to new Tables 8 and 9 for more detailed data.
It should be noted that many of the previously washed fractions tested were clean prior to Hazen
testing. The testing was performed to obtain quantitative data for alternative washing processes,
and to incorporate these results in the full scale remedial design.
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TNRCC rnmpent No. 5 °
Section 6.9, "Residual Streams", Final Paragraph. If hydroblasting is anticipated as the process
which will be used to treat the debris that is larger than 2¥t inches, then this treatment method
should be evaluated well before the RA planning phase begins. In fact, a hydroblasting pilot test
may be necessary in order to verify the process' applicability.

Hydroblasting was identified in the PSR as an option for treating the 6" debris because
there are no other practical management alternatives for the variety of materials present
in this fraction. The purpose of the hydroblasting would be to remove smaller particles
and agglomerations from the surface of the debris. It is not necessary to test the ability
of high pressure washing to meet this objective.
The final disposition of the debris and whether or not surficial hydroblasting is
necessary, is primarily a regulatory issue that Beazer is investigating. The outcome of
then* investigation will be incorporated into the RD for the EPA's review.

TNRCC Comment No. 6
Figure 1 and Figure 2. Neither of these figures are consistent with each other, nor are they
consistent with the current site layout. The North arrow orientation depicted in Figure 2 also
is erroneous.

The north arrow shown on Figure 2 is in error. Future expansion will be to the north
or top of the page on Figure 2. Figure 2 will be corrected. As you have noted, there
is an inconsistency in the orientation of the office trailer in Figures 1 and 2. The
orientation shown on Figure 1 is correct.
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